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the  DD  Form  1498  introducing  each  work  unit  report,  and  names  of  in- 
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FOREWORD 


In  conducting  the  research  described  in  this  report,  the  investigators 
adhered  to  the  "Guide  for  Laboratory  Animal  Facilities  and  Care,"  as 
promulgated  by  the  Committee  on  the  Guide  for  Laboratory  Animal  Facilities 
and  Care  of  the  Institute  of  Laboratory  Animal  Resources,  National 
Academy  of  Sciences  - National  Research  Council. 
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23.  (U)  To  obtain  biologic  and  physiologic  data  of  the  owl  monkey  essential  for  opti- 
mizing colony  management  procedures,  recognizinc  disease  states  and  breeding  and  raising 
Aotus  for  studies  of  falciparum  malaria,  for  which  it  is  the  best  nonhuman  primate  host. 
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quirements for  its  malaria  drug  development  research  program.  Physiologic  data,  pre- 
sently unavailable  or  unconfirmed  for  the  owl  monkey,  is  critically  needed  to  assure  the 
success  of  a domestic  breeding  effort  to  supply  these  monkeys  for  malaria  research. 

24.  (U)  Physiologic  data  will  be  obtained  from  infants  to  fully  mature  adults  to  in- 
clude the  following  measurements:  hematologic,  serum  biochemical  and  enzyme,  estrous 
cycle,  gestation  period,  and  growth  and  development  patterns.  Standard  procedures  will 
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25.  (U)  76  10  - 77  09  In  a 16  month  period  the  WRAIR  colony  had  49  single  live  births, 
including  the  2nd  known  2nd  generation  birth  in  captivity.  Selecting  animals  for  breed- 
ing pairs  based  on  their  karyotypes  appears  to  be  less  critical  than  reported.  Five 
breeding  pairs,  purportedly  incompatible  by  karyotype,  produced  four  hybrid  offspring. 
Breeding  pairs  of  markedly  different  ages  and  weights  were  equally  productive.  The  se- 
quence and  time  of  eruption  of  deciduous  and  permanent  teeth  were  established  and  a rate 
of  weight  gain  for  infant  monkeys  was  ascertained  and  plotted.  Serum  estrogen  levels  in- 
dicated that  the  length  of  the  estrous  cycle  is  16  days.  Commercially  available  Bolivian 
owl  monkeys  were  found  to  be  susceptible  to  falciparum  malaria.  Serum  electrophoresis 
;howed  a high  prevalence  of  double  albumin,  slow  moving  albumin  and  triple  alpha 
globulin  in  owl  monkeys.  Hematoloqic  and  serum  chemistry  values  were  difficult  to 
interpret  due  to  glomerulonephritis  of  uncharacterized  prevalence  and  severity.  For 
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Description: 

To  obtain  biologic  and  physiologic  data  on  the  owl  monkey  (Aotus  trivirqatus) 
which  are  needed  to  optomize  colony  management,  recognize  disease  states  and 
successfully  breed  and  raise  these  monkeys  for  falciparum  malaria  studies, 
for  which  it  is  the  best  nonhuman  primate  host. 

During  the  reporting  period,  research  activities  have  included  analyses 
of:  (1)  specific  parameters  affecting  reproduction,  (2)  a method  for 
diagnosing  pregnancy,  (3)  the  length  of  the  estrous  cycle,  (4)  time 
and  sequence  of  eruption  of  deciduous  and  permanent  teeth  and  rate  of 
weight  gain  of  infant  monkeys,  (5)  the  susceptibility  of  Bolivian  and 
monkeys  to  falciparum  malaria,  (6)  serum  protein  electrophoretic  patterns 
of  owl  monkeys,  and  (7)  hematologic,  serum  chemical  and  urinalysis  data. 

1 . Reproduction  Data. 

Ninty  four  (94)  breeding  pairs  of  owl  monkeys  were  established  during 
October  and  December  of  1975  and  August  1976.  Pairs  were  established 
with  mates  of  similiar  body  weight,  age,  and/or  pelage  coloration. 
Approximately  10%  of  these  pairs  (9  of  94)  were  temperamentally  in- 
compatable  and  were  separated.  Another  23  pairs  were  separated  due  to 
illness  or  death.  Selected  reproductive  data  are  shown  in  Table  1 for 
31  pairs  of  monkeys  which  have  remained  together  for  22  to  24  months. 
Conceptions  were  detected  by  urine  pregnancy  tests  (see  below)  and/or 
palpation.  Twenty  one  single,  viable  offspring  were  produced  by  17  of 
the  31  pairs,  whereas  14  pairs  did  not  produce  offspring.  Nine  females 
never  conceived  (Row  1,  column  2).  Five  females  (Row  2,  column  2)  con- 
ceived a total  of  16  times  but  the  pregnancies  terminated  in  14  re- 
sorptions and  2 abortions.  Only  2 resorptions  were  observed  in  monkeys 
which  produced  viable  offspring. 


Several  parameters  were  examined  with  respect  to  the  breeding  perfor- 
mance of  these  monkeys.  One  of  these  was  the  karyotypes  of  the  animals. 
Aotus  have  at  least  4 different  phenotypes,  based  on  pelage,  and  7 
different  karyotypes,  with  diploid  (2n)  chromosome  numbers  varying 
from  46  to  54  (1).  Several  authors  have  implied  that  it  .s  important 
to  match  owl  monkeys  by  karyotypes  to  produce  live  births  (2,3).  Mon- 
keys in  this  study  were  paired  before  being  karyotyped  and  remained 
paired  as  originally  established  to  evaluate  the  produitivity  of  various 
karyotypic  matings.  The  karyotypes  of  253  monkeys  are  shown  in  Table  2. 
Monkeys  with  karyotypes  II,  III,  IV  and  V are  phenotypical ly  indistinguish- 
able, originate  from  the  same  areas  of  South  America,  and  make  up  over 
80%  of  the  monkeys  in  the  WRAIR  colony.  Karyotypes  II,  III,  and  IV  form 
a genetically  related  breeding  group,  with  karyotype  III  being  a hybrid 
of  karyotypes  II  and  IV  (1).  Karyotype  III  has  3 unpaired  chromosomes 
which,  theoretically,  could  result  in  greater  difficulty  in  producing 
viable  offspring.  Little  is  known  about  the  productivity  of  breeding 
pairs  with  markedly  different  types  of  chromosomes. 

Table  3 shows  the  incidence  of  conceptions,  births  and  abortions/resorp- 
tions for  different  karyotypic  matings.  Two  pairs  (Group  A)  had  karyo- 
types with  morphologically  dissimiliar  chromosomes;  yet,  both  females 
conceived  once  each  and  the  pregnancies  lead  to  live  births.  Two  of  3 
other  genetically  "mismatched"  pairs  from  the  colony  (not  shown  in  this 
study  group)  have  also  produced  offspring.  Karyotypes  of  the  infants  are 
presently  being  studied.  One  of  the  hybrids  is  shown  in  Table  2 as  having 
a diploid  chromosome  number  of  49,  different  from  either  of  its  parents. 
Hybrids  other  than  karyotype  III  have  not  been  found  among  feral  owl 
monkeys,  suggesting  that  crossbreeding  of  subspecies  in  nature  is  rare. 

This  may  be  due  primarily  to  geographic  separation.  Data  thus  far  does 
not  support  a premise  that  owl  monkeys  must  be  matched  by  compatable 
karyotype  for  first  generation  breeding  success.  However,  hybrids  have 
no  current  value  as  breeders  until  their  productivity  is  demonstrated. 

Both  mates  of  the  remaining  29  pairs  shown  on  Table  3 (Groups  B,  C and  D) 
had  related  karyotypes  II,  III  or  IV.  Ten  pairs  (Group  B)  had  genetically 
compatable  karyotypes.  Eight  of  these  (90%)  conceived  a total  of  15  times 
resulting  in  8 live  births  and  7 abortions/resorption.  Pairs  with  one 
hybrid  (karotype  III)  parent  (Group  C)  had  8 of  12  females  (67%)  conceive 
16  times  resulting  in  6 live  births  and  10  resorptions.  Breeding  pairs 
with  both  karyotype  III  parents  (Group  D)  had  4 of  7 (57%)  females  con- 
ceive 6 times,  and  had  5 live  births  and  1 resorption.  The  percentage 
of  monkeys  that  conceived  was  highest  (80%)  in  the  group  with  compatible 
karyotypes  (Group  B),  intermediate  (67%)  in  the  group  with  one  karyotype 


L 


III  parent  (Group  C),  and  lowest  (57%)  in  the  group  with  both  karyotype 
III  parents  (Group  D).  Although  the  number  of  monkeys  in  each  group 
is  small,  these  data  tend  to  support  the  premise  that  karyotype  III 
monkeys  with  unpaired  chromosomes  have  lower  productivity.  On  the  other 
hand,  the  percentage  of  conceptions  that  ended  in  resorption  or  abortion 
was  63%  for  the  single  hybrid  parent  group  (Group  C),  47%  for  compatible 
karyotype  pairs  (Group  B),  and  only  17%  for  the  group  with  both  hybrid 
parents  (Group  D).  Apparently  the  high  abortion/resorption  rate  was  not 
related  to  ir.compatable  karyotypes. 


Monkeys  from  the  previously  described  31  breeding  pairs  were  segregated 
into  age  categories  based  on  dental  wear  and  evaluated  for  fertility  and 
parity  (Table  4).  Monkeys  were  considered  young  adults  if  all  permanent 
teeth  were  present,  and  all  canines  and  molars  had  sharp  points.  Mature 
monkeys  had  worn  canines  and  molars  with  rounded  points.  Fully  mature 
monkeys  had  very  worn  teeth  with  flattened  occlusal  surfaces,  and  old 
monkeys  had  teeth  which  were  worn  to  within  1 or  2 mm  of  the  gingiva. 
Available  information  does  not  permit  the  translation  of  these  age  groups 
into  calendar  years.  Twenty-two  of  the  31  males  (71%)  successfully  im- 
pregnated their  mates.  The  fertility  rate  was  similiar  for  each  age 
group  except  that  only  one  old,  nonfertile  male  was  evaluated.  Female 
fertility  was  lowest  among  the  mature  animals  with  only  3 of  8 (38%) 
mature  females  having  conceived.  This  may  have  occurred  by  chance  due  to 
the  small  sample  size.  Age,  therefore,  did  not  appear  to  be  an  important 
factor  affecting  fertility.  On  the  other  hand,  all  5 females  which  con- 
ceived but  lost  the  fetus  were  young  adults.  Additional  observations 
are  necessary  before  any  associations  are  made  between  abortions/re- 
sorptions and  the  age  of  the  female.  Productive  and  nonproductive 
monkeys  had  comparable  body  weights  (Table  5). 


Eleven  breeding  pairs  of  monkeys  at  WRAIR  had  their  2nd  birth  and  1 
had  its  3rd  birth.  The  average  interval  between  births  was  16.5  months 
(range  from  5 to  42  months).  The  minimum  interbirth  interval  of  5 months 
strengthens  our  previous  estimate,  based  on  vaginal  cytology,  of  18  weeks 
as  the  length  of  gestation  for  this  species.  During  the  past  year,  the 
WRAIR  had  its  first  2nd-generation  owl  monkey  birth.  The  parents  were 
both  born  3 years  and  1 month  previously,  were  separated  from  their 
parents  at  8 months  of  age,  and  were  caged  together  since  that  time.  This 
represents  the  second  known  2nd-generation  birth  in  captivity  and  demon- 
strates the  ability  of  this  species  to  produce  offspring  by  3 years  of  age. 
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A method  for  diagnosing  pregnancy  with  minimal  disturbance  to  the  monkeys 
was  needed.  Urine  samples  were  collected  biweekly  by  placing  a poly- 
ethylene bag  under  the  cage  floor  of  each  breeding  pair.  Urine,  voided 
by  one  or  both  animals  of  the  pair,  was  tested  for  chorionic  gonadotropin 
using  the  Sub-Human  Primate  Pregnancy  Test  kit  (Ortho  Diagnostics  Inc., 
Raritan,  NJ).  The  kit  was  originally  designed  for  use  with  rhesus  monkeys 
and  has  been  used  successfully  with  macaques,  baboons,  marmosets  and  apes. 
Whenever  test  results  changed  from  negative  to  positive  or  equivocal,  the 
testing  frequency  was  increased  to  2 or  3 times  per  week  until  results 
clearly  showed  consistently  positive  or  negative  reactions.  The  31  pairs 
of  monkeys  previously  described  provided  1688  urine  samples. 

The  results  of  the  qualitative  assays  for  chorionic  gonadatropin  are 
shown  in  Table  6.  A correct  negative  or  positive  response  was  observed 
88%  of  the  time  with  17  parous  females,  5 fertile  but  nonparous  females 
and  9 nonfertile  females.  False  negative  and  false  positive  reactions 
were  observed  2 to  8%  of  the  time  for  these  same  groups.  False  negative 
results  were  probably  caused  by  testing  of,  or  dilution  with,  male  urine. 
False  positive  results  seem  to  have  been  related  to  the  glomerulonephritis 
suspected  of  affecting  many  animals  of  the  colony.  Positive  reactions 
were  observed  with  urine  from  males  with  severe  glomerulonephritis.  Border- 
line reactions  inherent  to  the  test  and  urine  biochemically  modified  by 
glomerulonephritis  both  may  have  contributed  to  the  observed  6%  equivocal 
responses  from  nonpregnant  monkeys. 

The  sensitivity  and  specificity  of  the  Sub-Human  Primate  Pregnancy  Test 
kit  are  being  evaluated  by  radioimmunoassay.  Despite  problems  with  occa- 
sional spurious  positive  or  negative  results,  the  urine  pregnancy  test 
is  presently  the  best  method  for  diagnosing  pregnancy  without  periodically 
handling  the  monkeys.  Most  of  the  fetal  resorptions  observed  by  us  would 
have  been  undetected  without  this  technique.  Early  confirmation  of  preg- 
nancy can  be  made  by  increasing  the  testing  frequency  to  3 times  per  week 
when  an  initial  positive  or  equivocal  result  occurs.  Consistently  pos- 
itive results  for  2 or  3 consecutive  weeks  confirm  pregnancy  since  false 
results  are  generally  sporadic.  If  monkeys  are  tested  biweekly,  partu- 
rition can  be  estimated  as  100+10  days  from  the  first  confirmed  positive 
test  result. 

The  length  of  the  estrous  cycle  for  owl  monkeys  was  estimated  to  be  14 
+4  days  based  on  observed  changes  in  vaginal  cytology  (4).  These  data 
were  inconclusive,  however,  since  only  13  cycles  were  observed  in  28 
female  monkeys  over  a 1 year  study  period.  Attempts  to  extend  or  confirm 
these  results  were  made  by  quantitating  and  plotting  serum  estrogen  levels 
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for  5 adult,  nonpregnant  female  monkeys  over  a 2 month  period.  Serum 
samples  were  obtained  from  each  of  the  monkeys  every  2 to  4 days  and 
were  assayed  for  estrone  and  estradiol  by  radioimmunoassay.  One  of  the 
5 monkeys  had  alternating  high  and  low  levels  of  estrone  and  estradiol 
at  periodic  intervals  which  suggested  complete  estrous  cycles  (Figure 
la).  The  intervals  of  time  between  4 estradiol  peaks  was  17,  17  and  14 
days.  Two  additional  monkeys  also  had  cycling  estrogen  levels,  but  the 
levels  were  not  as  marked  as  the  first  monkey  and  the  time  intervals  be- 
tween peaks  were  sporadic  (Figure  lb).  Two  monkeys  on  seroassay  showed 
occasional  high  peaks  of  estrogen  without  evidence  of  periodicity. 

Clearly  these  2 animals  were  not  having  regular  ovulatory  cycles.  Al- 
though the  reasons  for  absence  of  regular  cycling  is  not  known,  one 
animal  died  of  glomerulonephritis  shortly  after  sampling  was  completed. 

2.  Development  of  infant  owl  monkeys. 

Data  on  the  time  and  sequence  of  eruption  of  deciduous  and  permanent 
teeth  of  owl  monkeys  were  expanded  by  examining  newborn  monkeys  twice 
weekly  until  all  deciduous  teeth  had  erupted  and  biweekly  until  all 
permanent  teeth  had  erupted.  The  mean  eruption  times  for  deciduous  and 
permanent  teeth  respectively  are  shown  in  Tables  7 and  8.  These  data 
provide  a useful  basis  for  estimating  the  age  of  infant  or  juvenile 
owl  monkeys. 

In  our  experience,  monitoring  body  weight  was  the  simplest  method  for 
evaluating  the  health  and  monitoring  the  development  of  infant  Aotus . 

Body  weights  were  obtained  when  dental  examinations  were  performed  and 
a weight  chart  (Figure  2)  was  plotted.  The  body  weight  of  36  apparently 
normal,  l-to-3  day  old  owl  monkeys  ranged  from  69  to  114  grams  with  an 
average  of  90  + 11.2  grams  (+  1 standard  deviation).  The  rate  of  weight 
gain  was  approximately  16  grams  per  week  from  birth  through  the  15th  week 
of  age  and  10  grams  per  week  thereafter  through  the  52nd  week.  This 
weight  gain  chart  provided  a valuable  standard  with  which  to  evaluate 
the  health  status  and  observed  versus  expected  growth  performance  for 
all  other  infant  Aotus.  No  such  standard  has  been  here-to-fore  avail- 
able for  any  breeding  colony. 

3.  Malaria  susceptibility. 

In  late  1976  owl  monkeys  became  commercially  available  in  limited  numbers 
from  Bolivia.  Their  susceptibility  to  falciparum  malaria  had  not  pre- 
viously been  tested.  Karyotypically  these  animals  are  distinct  (Karyotype 
VI).  However,  their  pelage  coloration  closely  resembles  owl  monkeys  from 


Brazil  (Karyotype  I).  The  latter  are  reported  to  be  more  resistant  to 
malaria  infection  than  the  commonly  used  Colombian  owl  monkey  (5).  The 
WRAIR  acquired  7 Bolivian  owl  monkeys  and  evaluated  their  susceptibility 
to  malaria  infection.  The  Viet  Nam  Smith  strain,  a poly-drug  resistant, 
monkey  adapted  strain,  of  Plasmodium  falciparum  was  serially  passed 
throuqh  splenectomized  and  then  intact  Bolivian  monkeys.  Three  sple- 
nectomized  monkeys  developed  18%  to  34%  parasitemias  and  died;  4 intact 
monkeys  developed  3%  to  18%  parasitemias  and  2 died.  The  severity  and 
duration  of  malaria  infection  and  its  outcome  in  Bolivian  owl  monkeys 
were  similar  to  that  which  occurs  in  Colombian  monkeys. 

4.  Serum  Protein  Electrophoresis. 

Bisalbuminemia  and  triple  alpha  globulins  have  been  observed  in  owl  monkeys 
by  several  authors  (6,7,8).  The  number  of  animals  examined,  however,  has 
been  small  and  interpretations  of  the  results  are  in  conflict.  Based  on  the 
serum  immunoelectrophoretic  patterns  of  5 monkeys,  Brumback  and  Willenborg 
(6)  demonstrated  that  karyotype  I owl  monkeys  (Ma's  classification)  had  2 
distinct  albumin  fractions  whereas  Colombian  owl  monkeys  did  not.  Collins 
et  al , (7)  reported  that  2 of  6 Colombian  monkeys  and  0 of  5 karyotype  I 
monkeys  had  bisalbuminemia.  Wellde  et  al , (7)  found  bisalbuminemia  in 
33  of  110  owl  monkeys  but  did  not  relate  these  to  karyotype.  Collins  et 
al,  (7)  also  reported  that  all  5 Brazilian  (Karyotype  I)  monkeys  had  3 
alpha  globulins  whereas  the  6 Colombian  monkeys  had  only  2 alpha  globulins. 
Serum  protein  electrophoresis  was  performed  on  specimens  from  owl  monkeys 
with  known  karyotypes  in  order  to  investigate  whether  or  not  specific  bio- 
chemical patterns  were  associated  with  one  or  more  karyotypes. 

Fifteen  of  21  (71%)  karyotype  I monkeys  had  triple  alpha  globulins,  (Table 
9)  whereas  karyotype  II,  III  and  IV  animals  had  a much  lower  prevalence 
(13%  to  25%).  Additionally,  all  karyotype  I animals  had  a single  expected 
albumin  whereas  33%  to  44$  of  the  karyotype  II,  III  and  IV  monkeys  had  2 
distinct  albumin  peaks.  Twelve  monkeys  with  karotypes  II,  III  and  IV  had 
single  albumins  which  corresponded  to  the  albumin  having  the  slower  electro- 
phoretic mobility  and  the  remaining  69  monkeys  had  the  single  faster  moving 
albumin.  The  only  Karyotype  V monkey  examined  had  bisalbuminemia.  Three 
karyotype  VI  monkeys  had  the  single  slow  moving  albumin  and  2 had  triple 
alpha  globulins.  These  results  support  the  findings  of  Collins  et  al, 
that  karyotype  I monkeys  do  not  have  the  slower  moving  albumin,  and  that 
they  have  a higher  prevalence  of  triple  alpha  globulins  than  karyotypes  II, 
III  or  IV.  Although  bisalbuminemia  and  triple  alpha  globulins  occur  with 
different  frequencies  in  different  karyotypes,  the  karyotype  of  an  in- 
dividual monkey  cannot  be  ascertained  by  serum  electrophoresis. 
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Other  animals  will  be  examined  to  complete  this  study.  The  genetic  basis 
for  the  occurence  of  bisalbuminemia  and  triple  alpha  globulins  will  be 
studied  with  offspring  from  this  colony. 

8.  Hematology  and  Chemistry  Values 

An  important  part  of  this  research  program  has  been  to  obtain  hematologic 
and  serum  chemistry  values  for  "normal"  owl  monkeys.  This  effort  has  been 
thwarted  with  the  recognition  that  many  of  the  monkeys  in  the  WRAIP  colony 
have  glomerulonephritis.  Over  the  past  year  glomerulonephritis  was  the 
primary  cause  of  15  of  25  adult  monkey  deaths,  and  lesions  of  glomerulo- 
nephritis were  commonly  found  in  animals  which  died  of  septicemia  or  other 
causes.  A necropsy  survey  performed  at  the  New  England  Regional  Primate 
Research  Center  showed  that  45  of  57  (79%)  of  the  owl  monkeys  examined 
had  various  stages  of  glomerulonephritis  (9).  WRAIR  monkeys  which  have 
died  of  renal  disease  nave  had  severe  to  moderate  anemia,  elevated  blood 
urea  nitrogen  and  creatinine  levels  and/or  depressed  total  serum  protein 
and  albumin  levels.  Numerous  clinically  normal  appearing  monkeys  have 
also  had  altered  hematologic  and  serum  chemical  values.  Methods  must  be 
devised  which  will  identify  animals  that  are  free  of  glomerulonephritis 
before  normal  baseline  data  can  be  obtained. 

Glomerulonephritis  often  causes  the  excretion  of  large  amounts  of  protein 
in  the  urine.  Therefore,  urinalysis  may  provide  the  easiest  method  for 
detecting  glomerulonephritis.  A total  of  640  urinalyses  were  performed 
with  N-Multistix  (Ames  Co.,  Division  of  Miles  Laboratories  Inc.,  Indiana) 
on  specimens  from  25  apparently  healthy,  adult  female  monkeys.  The  con- 
centration of  urinary  protein  for  each  of  the  25  monkeys  consistently 
showed:  (1)  4 with  1 30  mgm  %\  (2)  12  with  30  to  100  mgm  %;  and  (3)  9 
with  100  to  300  mgm  %.  Whether  or  not  the  severity  of  glomerulonephritis 
is  directly  related  to  protein  concentration  in  the  urine  remains  to  be 
proven.  If  shown,  however,  urine  protein  analysis  may  be  the  easiest 
method  for  detecting  and  monitoring  this  disease. 

Summary. 

The  necessity  to  pair  owl  monkeys  by  karyotype  to  achieve  breeding 
success  was  challenged.  Paired  monkeys  with  morphologically  dissimilar 
chromosomes  produced  hybrid  offspring.  Resorptions  and  abortions  were 
not  related  to  karyotype.  Instead,  all  5 nonparous  females  that  had 
resorptions  or  abortions  were  young  adults.  The  second  known  captive- 
born  2nd-generation  birth  occurred  at  the  WRAIR.  Clearly  this  species 


can  produce  offspring  by  3 years  of  age.  The  Sub-Human  Primate 
Pregnancy  Test  kit,  originally  designed  for  use  with  rhesus  monkeys, 
was  useful  in  diagnosing  pregnancy.  Serum  estrone  and  estradiol 
levels  in  1 of  5 monkeys  substantiated  earlier  findings,  based  on 
vaginal  cytology,  that  the  length  of  the  estrous  cycle  for  owl 
monkeys  was  approximately  16  days.  Data  on  the  time  and  sequence 
of  eruption  of  deciduous  and  permanent  teeth  were  expanded,  and  a 
weight  gain  chart  was  constructed  as  a standard  by  which  to  evaluate 
the  health  and  expected  growth  of  infants.  Bolivian  owl  monkeys  were 
found  to  be  susceptible  to  falciparum  malaria.  Serum  protein  electro- 
phoresis showed  a higher  prevalence  of  triple  alpha  globulins  in 
Brazilian  owl  monkeys  (71%)  than  in  Colombian  monkeys  (13%  to  25%) 
and  a 30-40%  prevalence  of  bisalbuminemia  in  Colombian  owl  monkeys 
compared  with  a 0%  incidence  in  Brazilian  monkeys.  The  interpreta- 
tions of  normal  hematology  and  serum  chemistry  values  was  compromised 
with  the  recognition  of  glomerulonephritis  as  a common  disease  in  the 
colony. 
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Table  1:  Selected  reproductive  data  for  31  pairs  of  owl  monkeys  over  a 24  month 
peri od 


Successful  Unsuccessful 

Breeding  pairs'  Breeding  pairs 

Total 

Non-conceiving  females 

NA3 

9 

9 

Conceiving  females 

17 

5 

22 

, 9 

Conceptions 

23 

16 

39 

Births 

21 

0 

21 

Abortions 

0 

2 

2 

Resorptions 

2 

14 

16 

1.  Successful  pairs  are  only  those  that  produced  viable  offspring. 

2.  Conceptions  were  detected  by  urine  pregnancy  test  and/or  palpation. 

3.  Not  applicable. 


Table  2:  Karyotypes  of  253  Aotus  by  geographic  origin  and  sex. 


Karyotype 

designation 

Diploid  (2n) 

chromosome 

number 

Presumed 
country  of 
origin 

Number 
of  males 

Number 
of  females 

I 

54 

Brazil 

18 

11 

II 

54 

Colombia 

44 

43 

III 

53 

Colombia 

41 

47 

IV 

52 

Colombia 

13 

14 

V 

46 

Colombia 

2 

4 

VI 

49  males 

50  females 

Bol ivia 

8 

6 

VII 

52 

Peru 

0 

1 

Hybrid 

49 

(V  X III) 

1 

0 

Table  3:  Incidence  of  conceptions,  births  and  abortions  or  resorptions 
31  pairs  of  owl  monkeys  in  24  months  by  karyotype 

— ~ * 

in 

Karyotype 

No. 

Conceiving 

No. 

Live 

Abortions 

Male  & Female 

Pairs 

femal es 1 

conceptions 

births 

resorptions 

Group  A2  I X II 

1 

1 

1 

1 

0 

I X III 

1 

1 

1 

1 

0 

2 

2 

2 

2 

0 

Group  B3  II  X II 

5 

5 

8 

6 

2 

II  X IV 

1 

0 

0 

0 

0 

IV  X II 

4 

3 

7 

2 

5 

10 

8 

15 

8 

7 

Group  C4  II  X III 

4 

1 

3 

0 

3 

III  X II 

5 

4 

5 

5 

0 

III  X IV 

2 

2 

7 

0 

7 ' I 

IV  X III 

1 

1 

1 

1 

0 

1 

12 

8 

16 

6 

10 

Group  D5  III  X III 

7 

4 

6 

5 

1 

— 

i 


1.  Conceptions  were  detected  by  urine  pregnancy  test  and/or  palpation. 

2.  Group  A - Pairs  with  dissimilar  types  of  chromosomes. 

3.  Group  B - Pairs  with  compatible  chromosomes. 

4.  Group  C - Pairs  with  one  hybrid  (karyotype  III)  parent 

5.  Group  D - Pairs  with  both  hybrid  (karyotype  III)  parents. 


Table  4:  Fertility  and  parity  of  62  owl  monkeys  by  age  groups  and  sex  during 
a 24  month  period. 


Estimate  age^ 

Males 

Females 

Total 

fertile  (%)2 

Total 

fertile  (%)2 

Parous  (%)3 

Young  adult 

16 

11(69) 

19 

15(79) 

10(53) 

Mature 

6 

5(83) 

8 

3(38) 

3(38) 

Fully  mature 

8 

6(75) 

3 

3(100) 

3(100) 

Old 

1 

0(  0) 

1 

1(100) 

1(100) 

1.  Age  estimated  by  dental  wear:  Young  adults  had  sharp  points  on  permanent 
canine  and  molar  teeth.  Mature  monkeys  had  rounded  points  on  canines  and 
molars.  Fully  mature  monkeys  had  molars  with  flattened  occlusal  surfaces 
and  old  monkeys  had  teeth  that  were  worn  to  within  a few  millimeters  of 
the  gingiva. 

2.  Fertility  was  demonstrated  by  conception  in  the  female  as  shown  by  palpa- 
tion or  urine  pregnancy  test. 

3.  Parity  was  demonstrated  by  producing  a live  offspring  during  the  study 
period. 


Table  5:  The  body  weights  of  productive 
monkeys. 

and  nonproductive 

breeder  owl 

Body  weight  in  qms 

Number 

Mean 

Range 

Productive  breeders^ 

males 

17 

877 

746-1013 

females 

17 

870 

671-1077 

Nonproductive  breeders 

males 

14 

906 

797-1034 

females 

14 

864 

778-979 

1.  Produced  live  offspring. 
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Table  7: 

Mean  eruption 

time  for  deciduous  teeth 

of  28  Aotus  monkeys 

Age  in  Weeks 

% of  times 
observed 

Tooth 

Mean 

1 Standard 
deviation 

Range 

erupting 

first 

MX1 2 

2.3 

0.7 

1.0  - 3.5 

26 

MD3 

2.3 

0.8 

0.5  - 3.5 

26 

I2  MX 

3.5 

0.9 

1.5  - 4.5 

0 

MD 

2.9 

0.8 

1.0  - 4.5 

70 

C MX 

4.7 

1.0 

1.5  - 6.0 

27 

MD 

4.6 

1.2 

2.0  - 6.5 

23 

P]  MX 

3.5 

0.7 

1.5  - 5.0 

13 

MD 

3.4 

0.7 

2.0  - 5.0 

27 

P2  MX 

3.8 

0.8 

2.0  - 5.5 

21 

MD 

3.8 

0.9 

2.0  - 5.0 

18 

P„  MX 

3 

5.6 

1.2 

3.0  - 8.0 

13 

MD 

5.5 

1.1 

3.0  - 7.5 

27 

1.  Percentage  of  observations  in  which  the  maxillary  or 
mandibular  tooth  erupted  before  its  ipsi lateral  counter- 
part. The  difference  between  the  sum  of  MX  + MD  and  100% 
equals  the  percentage  of  observations  in  which  the  max- 
illary and  mandibular  teeth  erupted  together. 

MX  = Maxillary  tooth 

3.  MD  = Mandibular  tooth 
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Table  8:  Mean  eruption  time  for  permanent  teeth  of  Aotus  monkeys 


Tooth 

No.  of  1 

Observations 

Mean 

Age (Months) 
1 Standard 
deviation 

Range 

% of  times 
observed 
erupting 
firstZ 

I,  MX2 3 

24 

9.4 

0.8 

8.0 

- 11.0 

55 

MD4 

18 

9.6 

0.6 

9.5 

- 11.0 

9 

J2  MX 

13 

10.8 

0.6 

10.0 

- 12.0 

64 

MD 

8 

10.6 

0.4 

10.0 

- 11.0 

0 

C 

MX 

18 

15.0 

1.3 

13.5 

- 

18.0 

29 

MD 

15 

14.0 

1.0 

12.5 

- 

16.0 

43 

P1 

MX 

12 

12.4 

1.1 

11.0 

- 

14.5 

33 

MD 

13 

12.4 

0.9 

11.5 

- 

14.0 

17 

P 

MX 

12 

11.9 

1 .0 

10.5 

14.0 

67 

2 

MD 

13 

12.3 

0.8 

11.5 

- 

14.0 

0 

P3 

MX 

12 

11.5. 

0.9 

10.0 

- 

13.0 

13 

MD 

16 

11.0 

0.7 

10.0 

- 

12.0 

50 

M1 

MX 

36 

4.9 

0.6 

4.0 

- 

6.0 

0 

MD 

38 

4.3 

0.5 

3.5 

- 

5.0 

84 

H2 

MX 

28 

7.3 

0.6 

6.5 

- 

8.5 

0 

MD 

32 

6.4 

0.8 

5.0 

- 

7.5 

100 

M3 

MX 

17 

11.2 

1.1 

10.0 

- 

13.0 

0 

MD 

18 

9.9 

1.2 

8.5 

- 

11.5 

91 

1.  Observation  is  the  eruption  of  a single  tooth 


2.  Percentage  of  observations  in  which  the  maxillary  or  mandibular 
tooth  erupted  before  its  ipsilateral  counterpart.  The  difference 
between  the  sum  of  MX  + MD  and  100%  equals  the  percentage  of 
observations  in  which  the  maxillary  and  mandibular  teeth 
erupted  together. 

3.  MX  = Maxillary  tooth 

4.  MD  = Mandibular  tooth 

-*  « 

* V 


l 


Table  9:  Incidence  of  single  fast  and  slow  moving  albumin,  double  albumin, 
and  triple  alpha  globulins  observed  by  serum  protein  electropho- 
resis in  156  owl  monkeys  by  karyotype. 


Monkeys  having 

Monkeys 

Single  fast 

Single  slow 

Double 

Triple  alpha 

Karyotype 

Sex  examined 

albumin  {%) 

albumin  {%) 

albumin  (%)  globulin  (%) 

I 

Male 

13 

13 

0 

0 

8 

Fern. 

8 

8 

0 

0 

7 

Both 

TT 

TT  (100) 

TT 

0 

TT(71) 

II 

Male 

34 

19 

5 

10 

3 

Fern. 

30 

17 

1 

12 

6 

Both 

64 

36  (56) 

6 (9) 

22  (34) 

9 (14) 

III 

Male 

28 

13 

3 

12 

4 

Fern. 

Both 

27 

TS 

14 

"77  (49) 

~T(7) 

12 

“24  (44) 

"7“ (13) 

IV 

Male 

6 

3 

1 

2 

0 

Fern. 

Both 

6 

TT 

""I- (50) 

4ll7) 

-*"(33) 

”7” (25) 

V 

Male 

0 

ND1 

ND 

ND 

ND 

Fern. 

1 

0 

0 

1 

0 

VI 

Male 

3 

0 

3 

0 

2 

Fern. 

0 

ND 

ND 

ND 

ND 

1.  No  animal  examined 
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23  (U)  To  analyze  the  cell  surface  structure  of  the  meningococcus  with  emphasis  on 
extracting  and  purifying  the  dominant  antigens.  The  goal  is  to  develop  candidate 
vaccines  for  this  disease  of  military  importance. 

24  (U)  Protein,  lipopolysaccharide,  and  polysaccharide  antigens  will  be  characterized 
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absorbent  techniques.  Cellular  immune  responses  will  be  measured  by  in  vitro  techniques 

25  (U)  76  10  - 77  09  Sensitivity  to  meningococcal  infection  in  otherwise  resistant 
individuals  may  be  due  to  the  presence  of  IgA  which  is  capable  of  blocking  the  comple- 
ment mediated  bacteriolytic  activity  of  anti-meningococcal  IgG  and  IgM.  A new  group  B 
meningococcal  vaccine,  consisting  of  high  molecular  weight  group  B polysaccharide  and 
type  2 outer  membrane  protein,  was  developed  and  shown  to  be  safe  and  immunogenic  in 
animals  and  to  inhibit  human  bactericidal  antibodies  toward  group  B meningococci.  An 
effective  procedure  for  serotyping  group  A meningococci  was  developed.  The  normal 
serum  bactericidal  activity  against  serum  sensitive  Neisseria  is  directed  against  the 
LPS  antigens.  These  studies  will  continue  under  work  unit  132.  For  technical  report 
see  Walter  Reed  Army  Institute  of  Research  Annual  Progress  Report,  1 Jul  76  - 30  Sep  77. 
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1.  Studies  on  the  specificity  of  naturally  acquired  human  bactericidal 
antibodies  to  group  B meningococci  have  led  to  the  development  of  a new 
group  B meningococcal  vaccine  which  has  substantially  increased  anti- 
genic activity  and  has  been  shown  to  be  safe  and  immunogenic  in  animals. 

2.  The  existence  of  group  A meningococcal  sub-types  which  correlate  with 
geographical  origin  was  demonstrated  by  a new  serotyping  procedure 
based  on  the  LPS  antigens. 

3.  Susceptibility  to  meningococcal  disease  in  otherwise  immune 
individuals  may  be  due  to  the  presence  of  IgA  which  is  capable  of 
blocking  the  complement  mediated  bacteriolytic  activity  of  antl- 
meningococcal  IgG  and  IgM. 

4.  Capsular  polysaccharides  from  group  A and  group  C meningococci 
have  been  shown  to  be  safe  and  effective  vaccines,  but  group  B 
capsular  polysaccharide  has  thus  far  been  non-immunogenic  in  human 
beings.  Group  B meningococci,  however,  have  amply  demonstrated 
their  capacity  to  cause  epidemic  meningococcal  disease  as  evidenced 
by  the  epidemic  among  military  basic  recruits  between  1964  and  1967 
and  the  more  recent  outbreaks  in  Europe  and  among  restricted  civilian 
populations  in  this  country. 

Over  the  past  8-10  years  at  least  four  different  group  B vaccine 
studies  have  been  conducted  by  this  department.  In  table  1,  these 
results  are  summarized  and  compared  to  the  groups  A and  C capsular 
polysaccharide  vaccines.  Although  the  vaccines  have  all  proven  to 
be  safe  in  animals  and  in  volunteers,  it  is  evident  that  a poor 
correlation  exists  between  the  immunogenic ity  of  these  vaccines  in 
animals  and  in  human  beings.  Although  the  A and  C capsular  poly- 
saccharides were  not  immunogenic  in  animals,  they  proved  to  be  very 
effective  immunogens  in  human  beings.  On  the  other  hand,  the  group  B 
capsular  polysaccharide  lacked  immunogenic ity  in  both  animals  and 
man,  and  the  type  2 outer  membrane  protein  vaccines  were  immunogenic 
in  animals  but  did  not  induce  bactericidal  antibodies  in  man.  These 
results  demonstrate  the  inadequacy  of  animal  models  for  estimating 
immunogenicity  of  meningococcal  antigens  in  man. 

The  most  recent  vaccine  tested  (type  2 protein  plus  group  C 
polysaccharide)  was  partially  successful  in  that  increased  levels 


of  bactericidal  antibodies  to  group  B meningococci  were  induced. 

These  antibodies,  however,  were  group  specific  and  directed  against 
the  group  B polysaccharides  rather  than  type  2 protein  as  anticipated. 
Although  the  immunological  mechanism  by  which  this  bactericidal  anti- 
body to  the  group  B capsular  polysaccharide  was  induced  is  not 
understood,  these  studies  demonstrated  that  bactericidal  antibody 
to  the  group  B polysaccharide  can  be  induced  in  human  beings.  It 
was  also  evident  that  the  methods  used  to  prepare  the  type  2 outer 
membrane  protein  component  of  the  vaccine  produced  a product  which 
was  capable  of  inducing  type-specific  bactericidal  antibodies  in 
rabbits,  but  not  in  man. 


A good  correlation  between  the  presence  of  serum  bactericidal 
antibodies  and  immunity  to  the  meningococcus  has  been  demonstrated. 

The  prevalence  and  antigenic  specificity  of  human  antibodies  with 
bactericidal  activity  toward  group  B meningococci  was  investigated. 
Normal  human  sera  obtained  from  134  incoming  Army  recruits  were 
assayed  for  the  presence  of  antibodies  against  group  B type  2 
meningococci.  Bactericidal  antibodies  with  a geometric  mean  titer 
of  1:300  were  detected  in  89%  of  these  sera.  Twenty-eight  of  these 
sera  were  further  analyzed  to  determine  the  specificity  of  the 
bactericidal  antibodies.  It  was  found  that  inhibition  with  group  B 
capsular  polysaccharide  or  absorption  with  a group  B strain  of  a 
completely  different  serotype  resulted  in  loss  of  bactericidal 
activity  in  all  28  sera.  Absorption  with  a group  C strain  that  shared 
the  type  2 protein  antigen  and  the  type  3 LPS  antigen,  however,  did 
not  remove  the  bactericidal  activity  from  any  of  the  sera.  These 
results  indicated  that  the  bactericidal  antibodies  in  these  normal 
sera  were  directed  against  the  group  B capsular  polysaccharides.  Of 
six  sera  from  laboratory  personnel  all  had  bactericidal  activity, 
and  in  five  of  these  the  bactericidal  antibodies  were  also  directed 
against  the  B polysaccharide.  In  the  one  remaining  serum,  bacte- 
ricidal antibodies  against  the  type  2 protein  as  well  as  the  B 
polysaccharide  were  present. 


Convalescent  sera  from  patients  with  disseminated  meningo- 
coccal disease  caused  by  type  2 (group  B and  group  C)  meningococci 
were  also  analyzed.  Of  7 sera  from  group  B cases  and  11  from  group  C 
cases  all  were  bactericidal  to  the  group  B type  2 strain  99M. 
Absorption  of  these  sera  with  a group  B strain  of  unrelated  sero- 
type removed  the  bactericidal  activity  from  8 of  the  18  sera 
indicating  the  presence  of  bactericidal  antibodies  to  the  B poly- 
saccharide and  the  absence  of  type  2 - specific  bactericidal 
antibodies  in  these  8 sera.  The  remaining  ten  sera  contained  type- 
specific  bactericidal  antibodies  which  were  predominantly  directed 
against  the  serotype  protein  antigens.  The  precise  specificity  of 
these  antibodies  is  still  under  investigation. 

Thus,  bactericidal  antibodies  with  specificity  for  the  group  B 
polysaccharide  and  for  the  serotype  protein  antigens  have  been 
identified.  Of  a total  of  34  normal  sera  with  bactericidal  activity 


only  one  had  detectable  bactericidal  antibodies  against  the  sero- 
type proteins  while  10  of  18  convalescent  sera  had  type-specific 
bactericidal  antibodies. 

In  the  absence  of  a suitable  animal  model  in  which  to  test 
potential  vaccines  for  antigenicity  and  immunogenicity , the  capacity 
of  a group  B antigen  to  inhibit  a standard  amount  of  human  bacte- 
ricidal antibodies  has  been  used  as  an  index  of  antigenic  activity. 
Studies  with  the  group  B capsular  polysaccharides  have  shown  a 
strong  correlation  between  molecular  size  and  antigenic  activity. 

In  our  initial  efforts  to  determine  the  specificity  of  human  anti- 
bodies with  bactericidal  activity  toward  group  B meningococci,  we 
found  that  many  sera  had  group  B specific  bactericidal  activity 
which  was  inhibited  by  some  preparations  of  group  B capsular  poly- 
saccharide but  not  by  others.  Subsequent  experiments  revealed  that 
antigenic  activity  correlated  best  with  the  molecular  size  of  the 
preparations.  Group  B polysaccharide  is  known  to  be  extremely 
susceptible  to  acid  hydrolysis.  Incubation  overnight  at  pH  5 and 
37°C  results  in  extensive  degradation  of  the  polysaccharide.  The 
relationship  between  molecular  size  and  antigenic  activity  was 
investigated  in  more  detail  by  performing  a hydrolysis  time  curve 
on  intrinsically  labeled  ^H-group  B polysaccharide  (-^H-Bsss).  High 
molecular  weight  ^H-Bsss  was  incubated  at  37°C  in  0.1N  ammonium 
acetate  buffer  pH  5.0  for  different  periods  of  time  after  which  the 
samples  were  frozen,  lyophilized  and  re-dissolved  in  0.01  N tris- 
C1  pH  7.5.  The  resulting  samples  were  assayed  for  antigenic 
activity  in  four  different  Bsss-specif ic  serologic  assays:  inhibition 
of  human  bactericidal  antibodies,  inhibition  of  human  hemagglutinating 
(HA)  antibodies,  binding  to  hyperimmune  horse  anti-Bsss  antibodies 
in  a Farr  assay  and  formation  of  a precipitin  line  with  these  anti- 
bodies in  immunodiffusion  tests.  The  molecular  size  of  the  samples 
was  estimated  by  relative  mobility  on  sodium  dodecylsulfate  poly- 
acrylamide gels  using  globular  proteins  as  molecular  size  markers, 
and  the  amount  of  terminal  or  free  sialic  residues  was  determined 
by  reactivity  in  the  thiobarbituric  acid  assay  for  sialic  acid.  The 
results  of  these  assays  are  summarized  in  figure  1.  The  capacity  of 
the  ^H-Bsss  to  inhibit  the  human  bactericidal  and  HA  antibodies 
decreased  sharply  with  decreased  molecular  size,  but  the  percentage 
of  the  ^H-Bsss  that  could  bind  to  antibody  in  the  Farr  assay 
decreased  only  gradually.  Thus,  after  hydrolysis  for  4 hours  when 
the  mean  apparent  molecular  weight  had  fallen  to  about  10,000  daltons, 
inhibitory  activity  in  the  bactericidal  and  HA  assays  was  less  than 
1%  of  the  original  activity  while  in  the  Farr  assay  70%  of  the  antigen 
was  still  capable  of  binding  to  antibody.  The  four  and  six-hour 
hydrolysis  samples  were  also  still  able  to  form  precipitin  lines  with 
the  hyperimmune  horse  serum.  These  results  suggest  the  presence  of 
two  different  antigenic  determinants  on  the  B polysaccharide.  One 
determinant,  which  reacts  with  human  bactericidal  antibodies,  appears 
to  be  found  only  on  molecules  of  high  molecular  weight  whereas  the 
other  determinant,  probably  associated  with  the  main  chain  of  the 
polysaccharide,  is  present  on  both  high  and  low  molecular  weight 
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molecules.  Since  very  similar  results  were  obtained  with  group  C 
polysaccharide,  these  properties  are  not  unique  to  the  B poly- 
saccharide. The  group  C polysaccharide,  however,  is  much  more 
resistant  to  acid  hydrolysis. 

The  question  arises  as  to  whether  the  determinant  associated 
with  high  molecular  weight  polysaccharide  is  actually  located  on  the 
polysaccharide  itself  or  whether  it  might  be  formed  by  the  binding  of 
the  polysaccharide  to  a non-polysaccharide  moiety  which  is  dissociated 
or  inactivated  by  mild  acid  hydrolysis.  We  have  investigated  this 
question  using  two  approaches.  The  first  was  to  determine  if  the  poly- 
saccharide remained  active  following  molecular  sieve  chromatography  in 
the  presence  of  1%  sodium  deoxycholate  (DOC).  Partially  purified  Bsss 
was  chromatographed  on  Sepharose  CL-4B  in  0.05  M tris-Cl  pH  7.4  or  in 
1%  DOC,  0.05  M Glycine,  0.005  M EDTA,  pH  8.8.  Exposure  to  the  deter- 
gent caused  the  largest  polysaccharide  to  be  reduced  in  size  presumably 
as  a result  of  disaggregation  or  dissociation  from  a non-polysaccharide 
moiety.  The  polysaccharide  recovered  from  the  detergent,  however, 
retained  its  capacity  to  react  with  human  bactericidal  antibodies.  As 
a second  approach,  high  molecular  weight  Bsss  was  banded  on  isopycnic 
CsCl  density  gradients.  The  polysaccharide  produced  a single  asymetric 
peak  at  a density  of  1.68  gm/cc.  Again,  the  peak  fractions  retained 
the  capacity  to  react  with  human  bactericidal  antibody.  Although 
further  studies  are  needed,  these  results  suggest  that  the  "high 
molecular  weight  determinant"  is  located  on  the  polysaccharide  itself 
rather  than  on  some  other  moleculer  non-covalently  bound  to  it.  The 
determinant  may  be  dependent  on  a particular  conformation  of  the  poly- 
saccharide which  can  occur  only  when  the  molecule  is  sufficiently  large. 

The  failure  of  the  previous  meningococcal  protein  vaccines  to 
induce  type-specific  bactericidal  antibodies  in  man  after  they  had  been 
shown  to  induce  such  antibodies  in  rabbits  indicated  the  need  for  a 
better  understanding  of  the  protein  antigens  against  which  human 
bactericidal  antibodies  are  made  as  a result  of  natural  meningococcal 
infections.  Two  convalescent  sera  from  patients  with  group  B,  type  P2 
disseminated  meningococcal  disease  that  were  identified  as  having 
type-specific  bactericidal  antibodies  were  absorbed  as  necessary  to 
remove  antibodies  not  directed  against  the  protein  antigens.  A number 
of  different  antigen  preparations  were  then  tested  for  their  capacity 
to  inhibit  the  bactericidal  activity  of  these  sera  toward  type  2 
meningococci.  Outer  membrane  complex,  (OMC),  consisting  principally 
of  proteins,  lipopolysaccharide  (LPS)  and  phospholipid;  inhibited  down 
to  a concentration  of  about  10  pg  protein/ml  whereas  purified  cap- 
sular polysaccharides  or  LPS  were  not  able  to  inhibit  at  concentrations 
up  to  500  pg/ml.  Although  pronase  treatment  of  the  OMC  destroyed  or 
greatly  reduced  its  capacity  to  inhibit,  the  isolated  protein  com- 
ponent of  the  OMC  had  no  activity  at  concentrations  up  to  500  yg/ml. 
These  results  suggested  that  the  isolation  procedure,  which  was  the 
same  as  that  used  to  prepare  the  previous  protein  vaccine  and  involved 
exposure  of  the  protein  to  extremes  of  pH,  caused  the  protein  to  lose 
its  capacity  to  react  with  human  bactericidal  antibodies.  The  capacity 
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of  the  protein  to  react  with  rabbit  bactericidal  antibodies,  however, 
remained  intact. 

Further  studies  were  conducted  to  determine  the  factors  affecting 
the  antigenic  activity  of  the  serotype  proteins.  A normal  human  serum 
containing  type-specific  bactericidal  antibodies  was  absorbed  with 
strain  99M  capsular  polysaccharide  and  LPS  to  remove  antibodies  to 
non-protein  antigens.  The  type-specificity  of  this  serum  was  demon- 
strated by  the  failure  of  OMC  from  seven  different  non-type  2 strains 
(4  group  B and  3 group  C)  to  inhibit  its  killing  of  the  type  2 
strain  99M.  OMC  from  another  group  B type  2 strain  M986,  however, 
inhibited  strongly.  Inhibition  of  the  bactericidal  activity  of  this 
serum  toward  strain  99M  was  then  used  as  a measure  of  antigenic  activity 
of  99M  OMC  and  its  components  following  a variety  of  different  treat- 
ments (table  2).  Purified  LPS  and  group  B polysaccharide  were  unable 
to  inhibit  at  500  yg/ml.  Treatment  of  the  OMC  with  pronase  increased 
the  concentration  required  for  50%  inhibition  (MIC^q)  from  3.3  to  >800 
yg  protein/ml  which  demonstrates  the  protein  nature  of  the  determinant. 
Each  major  step  in  the  current  procedure  for  separating  the  protein 
and  LPS  components  of  the  OMC  was  tested  for  its  effect  on  the  antigenic 
activity  of  the  protein.  Precipitation  and  washing  of  the  OMC  with 
ethanol  (80%)  resulted  in  a small  increase  of  the  MIC^q  from  3.3  to 
5.9  yg  protein/ml.  The  OMC  was  dissociated  in  3%  DOC,  0.01  M EDTA, 

0.05  M glycine  pH  8.8  and  chromatographed  on  a column  of  Sephadex  G 
100  in  1%  DOC,  0.005  M EDTA,  0.05  M glycine  pH  8.8.  When  all  fractions 
between  the  void  volume  and  the  total  volume  of  the  column  were  pooled 
and  the  antigen  recovered  by  precipitation  and  washing  with  ethanol, 
the  MIC5Q  of  the  resulting  material  was  12.  If  the  protein  and  the 
LPS  peaks  were  pooled  and  precipitated  separately  and  tested,  the  MIC^q 
rose  to  78  yg  protein/ml  for  the  protein  and  210  yg  LPS/ml  for  the  LPS 
peak.  Mixing  of  the  LPS  fraction  with  the  protein  fraction  after 
removal  of  the  DOC  by  ethanol  precipitation  and  washing  resulted  in 
about  the  same  MIC^q  as  the  protein  alone.  These  results  suggest  that 
a binding  or  interaction  between  the  protein  and  the  LPS  (and/or 
phospholipid)  is  required  for  full  antigenic  activity  of  the  type  2 
protein  antigen.  Although  some  antigenic  activity  was  observed  with 
the  protein  fraction  alone  95%  of  the  activity  of  the  native  antigen 
(OMC)  was  lost  in  the  process  of  separating  it  from  the  LPS  and  lipid. 
Indeed,  the  residual  activity  of  the  protein  may  result  from  interaction 
with  a small  amount  of  contaminating  LPS  and/or  lipid. 

Between  September  and  December  1976  two  new  candidate  vaccines  for 
use  against  group  B meningococci  were  prepared  in  conjunction  with  the 
Department  of  Biologies  Research,  WRAIR.  These  two  lots,  designated 
Bsss-P2  WZ-2  and  Bsss-P2  PA-3,  have  been  characterized  with  respect 
to  composition,  antigenic  activity  and  safety  in  animals,  and  it  is 
anticipated  that  tests  in  a small  number  of  human  volunteers  will  be 
completed  by  January,  1978.  Both  lots  are  derived  from  the  group  B 
type  P2  strain  Bll  and  consist  principally  of  high  molecular  weight 
capsular  polysaccharide  and  outer  membrane  protein.  Lot  WZ-1  has  a 
protein:  polysaccharide  ratio  of  1:1  while  in  lot  PA-3  the  ratio  is 


P.7 


2:3  (table  3).  The  proteins  present  were  shown  by  sodium  dodecyl 
sulfate  polyacrylamide  gel  electrophoresis  to  be  essentially  the  same 
in  both  lots  and  to  correspond  to  the  major  outer  membrane  proteins 
of  the  organism*  Lot  WZ-2  is  slightly  cleaner  with  respect  to 
contaminating  nucleic  acid  and  LPS  (as  judged  by  pyrogenicity  tests)  , 
but  both  lots  passed  required  toxicity  and  pyrogenicity  tests  at  the 
levels  established  by  the  Bureau  of  Biologies  for  the  meningococcal 
groups  A and  C polysaccharide  vaccines. 

The  antibody  response  of  rabbits  to  the  vaccines  is  summarized  in 
table  4.  The  rabbits  were  given  two  50  pg  doses  (based  on  protein) 
either  intravenously  or  subcutaneously  three  weeks  apart.  Sera  drawn 
at  0 and  5 weeks  were  assayed  for  antibodies  using  three  different 
assays.  The  antibody  responses  to  the  two  lots  were  very  similar. 
Bactericidal  antibodies  against  the  vaccine  strain  increased  over  50- 
fold,  antibodies  to  the  group  B polysaccharide  increased  approximately 
2-fold  and  antibodies  to  the  OMC  which  contains  both  serotype  protein 
and  LPS  antigens  increased  several  hundred  fold.  Most  of  the  latter 
antibodies  were  likely  directed  against  the  serotype  protein,  since 
only  a low  level  of  antibodies  against  the  purified  LPS  was  detected. 
The  antibody  response  in  rabbits  was  therefore  directed  primarily 
against  the  serotype  protein  antigens. 

Although  the  strong  antibody  response  of  rabbits  to  the  protein 
component  of  the  vaccines  demonstrates  the  presence  of  antigenically 
active  serotype  protein  in  the  vaccine,  past  experience  indicates  that 
this  does  not  mean  that  the  vaccines  will  produce  a similar  response 
in  man.  A second  and  probably  more  relevant  test  of  antigenic  activity 
was  also  conducted.  Human  sera  with  bactericidal  antibodies  specific 
for  either  the  group  B polysaccharide  or  the  serotype  2 protein  were 
inhibited  by  different  concentrations  of  the  vaccines  and  several 
control  antigens  (table  5).  The  B polysaccharide  component  of  the 
vaccine  was  twice  as  active  as  the  best  purified  B polysaccharide 
preparation  (lot  3XCA)  that  has  been  tested  in  man  and  4 times  as 
active  as  the  antigenically  identical  EL  coli  K1  capsular  poly- 
saccharide included  as  a control  for  antibody  specificity.  The 
protein  component  of  Lot  PA-3  which  was  not  subjected  to  gel  filtration 
in  the  presence  of  sodium  deoxycholate  was  considerably  more  active 
in  inhibiting  human  type  2-specific  bactericidal  antibodies  than 
Lot  WZ-2  which  was  exposed  to  detergent  during  its  preparation.  As 
pointed  out  above,  previous  protein  vaccine  lots  were  not  able  to 
inhibit  human  type-specific  bactericidal  antibodies.  Thus,  the  present 
vaccine  lots  are  significantly  more  active  than  previous  trial  vaccine 
lots  as  judged  by  their  ability  to  interact  with  human  bactericidal 
antibodies  and  may  therefore  elicit  a better  antibody  response  in  man. 

The  presence  of  both  outer  membrane  protein  and  capsular  poly- 
saccharide in  the  vaccines  raises  the  question  of  whether  there  is  an 
interaction  or  binding  between  the  two.  If  the  polysaccharide  is  bound 
to  the  protein,  the  latter  may  act  as  a carrier  for  the  polysaccharide 
and  thereby  increase  its  immunogenicity . Evidence  for  binding  between 
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the  protein  and  polysaccharide  components  was  obtained  in  two  ways. 

Gel  filtration  of  the  vaccines  on  Sepharose  CL-4B  in  the  presence  of 
detergent  (1%  sodium  deoxycholate)  resulted  in  a decrease  in  apparent 
size  of  part  of  both  the  polysaccharide  and  the  protein  as  compared 
to  their  behavior  in  the  absence  of  detergent.  This  effect  was 
reversible,  since  removal  of  the  detergent  by  ethanol  precipitation 
and  washing  resulted  in  the  same  elution  profile  in  the  absence  of 
detergent  as  before. 

Secondly,  analysis  of  the  vaccines  by  equilibrium  density  gradient 
centrifugation  in  CsCl  revealed  that  part  of  the  polysaccharide  banded 
at  a density  of  1.66  g/cc  which  is  the  density  where  purified  group  B 
polysaccharide  bands,  but  part  of  the  polysaccharide  banded  at  or  near 
the  top  of  the  gradient  (about  1.45  - 1.5  g/cc)  where  the  bulk  of  the 
protein  banded.  This  result  clearly  demonstrates  binding  between  the 
protein  and  the  polysaccharide.  This  binding  increases  the  solubility 
of  the  protein  and  may  increase  the  immunogenicity  of  the  polysaccharide. 

2.  Serotyping  of  group  A meningococci  using  the  bactericidal  or  immuno- 
diffusion methodologies  developed  for  serotyping  of  groups B and  C 
meningococci  has  been  largely  unsuccessful.  This  is  due  partly  to  the 
difficulty  of  finding  a complement  source  without  intrinsic  bactericidal 
activity  toward  group  A meningococci  and  partly  due  to  the  presence  of 
a relatively  dominant  outer  membrane  protein  antigen  which  appears  to 
be  shared  by  all  group  A strains  and  tends  to  mask  other  type-specific 
determinants  which  may  be  present. 

We  recently  described  a procedure  for  serotyping  of  meningococci 
based  specifically  on  either  the  protein  or  the  lipopolysaccharide 
(LPS)  antigens  of  the  outer  membrane.  This  procedure  involves  inhibition 
of  a solid  phase  radioimmunoassay  (SPRIA)  by  outer  membrane  complex  (OMC) 
extracted  from  the  strain  to  be  typed.  Using  the  SPRIA  inhibition 
method  and  rabbit  antisera,  group  A strains  of  N.  meningitidis  have  been 
successfully  serotyped  on  the  basis  of  both  their  LPS  and  outer  membrane 
protein  antigens.  Initial  studies  using  typing  sera  prepared  with 
group  B and  group  C strains  indicated  that  serotype  antigens  on  group  A 
strains  were  mostly  different  from  those  on  strains  of  groups  B,  C 
and  Y.  Only  15-20%  of  group  A strains  had  any  of  the  antigens  that 
had  been  identified  on  non-group  A strains.  As  a consequence,  new 
typing  sera  were  prepared  using  group  A strains.  These  sera  were  used 
to  identify  3 different  LPS  antigens  and  5 different  protein  antigens 
among  group  A strains.  LPS  serotyping  employed  reactions  between 
purified  LPS  as  the  solid  phase  antigen  and  unabsorbed  homologous  anti- 
sera. The  protein  typing,  on  the  other  hand,  employed  OMC  as  the  solid 
phase  antigen  and  homologous  antiserum  absorbed  to  remove  antibodies  to 
LPS,  group  A polysaccharide,  and  cross-reactive  protein  determinants. 

About  80  group  A strains  obtained  from  several  parts  of  the  world 
including  Canada,  Finland,  Brazil,  West  Germany,  Africa  and  the  U.S.A. 
(pacific  northwest)  were  serotyped  and  the  results  correlated  with 
geographical  origin.  In  the  LPS  system  96%  of  the  strains  were  typable 


and  in  the  protein  system  84%  were  typable.  A correlation  between 
geographical  origin  and  LPS  serotype  but  not  protein  serotype  was 
evident.  For  example,  4 of  5 strains  from  Finland  were  LPS  type  11, 
all  5 from  West  Africa  were  LPS  type  9,  9 of  10  from  West  Germany 
were  LPS  type  10  and  40  of  45  from  the  Pacific  Northwest  were  LPS 
type  10.  It  thus  appears  that  the  LPS  serotype  may  be  a useful 
epidemiological  tool  for  the  study  of  group  A meningococcal  disease. 

The  significance  of  the  group  A protein  serotype  antigens  and 
their  relationship  to  those  on  groups  B and  C meningococci  is  still 
under  investigation. 

3.  Previous  work  in  the  Department  of  Bacterial  Diseases  correlated 
susceptibility  to  systemic  meningococcal  disease  with  the  absence  of 
strain-specific  bactericidal  activity  normally  present  in  the  serum 
of  80-90%  of  young  adults.  Circulating  anti-meningococcal  IgA  was 
subsequently  shown  to  be  capable  of  blocking  the  complement-mediated 
bacteriolytic  activity  of  anti-meningococcal  IgG  and  IgM.  In  addition, 
levels  of  circulating  anti-meningococcal  IgA  sufficient  to  completely 
abrogate  immune  lysis  of  the  infecting  meningococcus  have  been  demon- 
strated in  the  sera  of  military  recruits  early  in  the  course  of 
invasive  disease  due  to  serogroups  B,  C and  Y IJ.  meningitidis  and 
before  the  development  of  whole-serum  bactericidal  activity.  These 
data  led  to  speculation  that  acquisition  of  specific,  blocking  IgA 
may  be  a factor  in  the  sudden  emergence  of  epidemic  susceptibility 
to  the  meningococcus  in  sub-populations  at  greater  than  expected  risk 
of  disease. 

The  critical  role  of  gut-associated  lymphoid  tissue  (GALT)  in  the 
IgA  immune  system  suggested  that  IgA  might  be  derived  from  stimulation 
of  the  GALT  by  enteric  bacteria  of  differing  genera  which  elaborate 
surface  antigens  cross-reactive  with  those  of  the  meningococcus.  If 
so,  then  such  enterically  carried,  cross-reacting  organisms  should  be 
present  in  a population  undergoing  epidemic  meningococcal  disease. 


An  opportunity  to  test  this  assumption  was  provided  by  an  outbreak 
of  group  A meningococcal  disease  in  the  Pacific  Northwest.  Beginning 
in  June,  1975,  and  continuing  through  1976,  an  outbreak  of  disseminated 
group  A meningococcal  disease  occurred  in  four  Pacific  Northwest  cities: 
Portland,  OR,  Seattle,  WA,  Vancouver,  B.C.  and  Anchorage,  AL  - the 
first  such  outbreak  of  group  A meningococal  disease  in  the  U.S.  in 
thirty  years.  The  most  striking  epidemiological  aspects  of  the  outbreak 
was  its  focal  nature.  Sixteen  (table  6)  of  the  first  seventeen  cases 
in  Portland  and  Seattle,  from  which  data  were  available,  occurred  in 
residents  or  habituds  of  Skid  Road  areas.  Fifteen  were  adults,  and 
fourteen  alcoholics.  With  the  exception  of  one  child  in  Portland,  there 
was  no  spill-over  of  cases  into  non  skid-road  areas. 

Since  immunity  to  the  meningococcus  is  normally  well  developed 
among  adults,  we  initiated  a serological  survey  of  the  at-risk 
population  to  determine  the  prevalence  of  immunity.  Table  7 lists 
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the  populations  surveyed  and  their  designation.  Of  235  sera  submitted 
by  the  University  of  Washington,  75  were  obtained  from  Seattle  skid- 
road  inhabitants  6 months  to  a year  prior  to  the  outbreak  of  meningo- 
coccal disease,  50  were  from  non-alcoholic  American  Indians  attending 
out-patient  facilities  at  the  public  health  hospital  and  108  were  from 
3 Alcoholic  Treatment  Centers  within  the  Seattle  area. 

Of  112  sera  submitted  by  the  CDC,  44  represented  a random  sample 
of  skid-road  inhabitants  in  Seattle,  whose  age,  sex  and  ethnic  back- 
ground did  not  significantly  differ  from  the  cases  in  that  city. 

Thirty  four  sera  were  from  a tangential  population  in  Seattle,  who  were 
awaiting  pre-employment  physical  examinations  at  a facility  in  proximity 
to  skid-road;  designated  non  skid-road  controls,  their  socio-economic 
status  was  mid-way  between  casually  employed  skid-roaders  and  stably 
employed  blue-collar  workers.  An  additional  14  sera  were  from  case 
contacts,  and  the  remainder  from  other  non-random  categories. 

Finally,  148  sera  from  incoming  recruits  at  Ft.  Ord,  CA,  in 
January,  1975,  were  used  to  sample  the  general  level  of  immunity  among 
adults  from  the  Western  U.S. 

The  435  sera  were  assyed  for  antibody  to  the  group  A-specific 
capsular  polysaccharide  using  a Radioactive  Antigen  Binding  Assay. 

Data  are  expressed  as  ngm  antigen  bound  by  50  microliters  of  sera. 

For  this  assay,  10  ngm  antigen  bound  is  equivalent  to  3.5  mcgm/Ab/ml 
sera.  The  Kolmogorov- Smirnov  two-sample  test,  a non-parametric  method, 
was  used  to  determine  the  significance  of  differences  in  frequency  of 
anti-meningococcal  polysaccharide  antibody  among  the  populations 
surveyed . 

Surprisingly,  the  prevalence  of  immunity  to  the  group  A meningo- 
coccal capsule  was  found  to  be  significantly  higher  among  the  Pacific 
Northwest  populations  than  among  the  recruits  (figure  2).  That  this 
was  the  result  of  a specific  immunizing  event  and  not  a reflection  of 
the  hyper-globulinemia  which  might  be  expected  among  alcoholics,  was 
shown  by  comparing  immunity  to  the  chemically  unrelated  group  C 
capsular  polysaccharide  (figure  2). 

There  were  no  differences  in  prevalence  of  antibody  to  the  group  A 
capsule  between  sera  submitted  by  the  CDC,  and  those  submitted  by  the  ( 

University  of  Washington,  nor  between  sera  obtained  prior  to  the  outbreak 
and  sera  obtained  during  it  (figure  3).  This  last  suggests  that  the 
immunizing  event  occured  among  the  at-risk  population  prior  to 
significant  aquisition  of  the  group  A meningococcus. 

When  the  Pacific  Northwest  sera  are  broken  down  into  sub-populations 
(figure  4),  it  is  evident  that  the  population  with  the  highest  level  of 
immunity  was  precisely  that  at  greatest  risk.  Non-alcoholic  Indians  and 
the  CDC  non  skid-road  control  population  did  not  differ  significantly 
from  recruits,  while  alcoholics  and  skid-road  inhabitants  did.  The 
highest  prevalence  was  among  patients  at  the  three  Alcoholic  Treatment 
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Centers.  Alcoholism  alone,  however,  could  not  be  incriminated,  for  the 
prevalence  of  immunity  among  treatment  staff  at  the  Centers  did  not 
differ  from  that  among  patients.  Nor  was  ethnic  background  a factor: 
as  can  be  seen  in  the  figure  5 which  compares  the  geometric  mean  ngm 
antigen  bound  and  95%  confidence  interval  for  each  population; 
alcoholic  Indians  (AI)  were  more  immune  than  non-alcoholic  Indians, 
(IHBC)  but  were  not  different  from  alcoholic  non- Indians  (NI). 

Among  alcoholics,  differences  were  seen  in  the  prevalence  of  anti- 
body at  each  of  the  three  treatment  centers.  Convalescent  Indian 
alcoholics,  designated  as  "dry"  and  housed  in  a suburban  facility  were 
less  immune  than  acute  Indian  alcoholics  seen  at  a treatment  center  in 
skid-road  itself,  and  designated  as  "wet".  Alcoholics  of  all  races, 
seen  at  Harborview,  (HV)  situated  on  a hill  above  skid-road,  were 
intermediate,  suggesting  that  intimacy  with  the  skid-road  culture  was 
the  most  important  determinant  of  level  of  immunity. 

To  determine  if  organisms  other  than  the  group  A meningococcus 
could  have  stimulated  the  high  levels  of  antibody  observed,  throat  and 
rectal  cultures  were  obtained  from  the  112  individuals,  comprising  the 
CDC  group,  and  grown  on  Mueller-Hinton  Agar  containing  equine  antibody 
to  the  group  A polysaccharide.  In  addition,  rectal  smears  were  tested 
with  fluorescein-conjugated  anti-group  A Ab. 

Five  individuals  from  both  Seattle  and  Portland,  carried  enteric 
flora  which  elaborated  the  group  A capsular  polysaccharide-mannosamine 
phosphate  (table  8).  Two  strains  of  Str . faecalis  and  one  of  Bacillus 
pumilis  were  recovered,  while  2 faecal  smears  were  positive  for  cocci 
by  flourescent  antibody  only.  Significantly,  the  carriage  rate  of 
cross-reactive  enteric  flora  was  the  same  as  the  carriage  rate  of  the 
group  A meningococcus  among  skid-road  controls  in  Seattle  (4.5%),  while 
14%  of  case  contacts  were  positive  for  enteric  carriage,  including  the 
father  of  the  child  in  Portland  who  was  not  associated  with  skid-road. 
Pharyngeal  carriage  of  the  group  A meningococcus  was  higher  among 
alcoholics  in  Seattle,  than  among  the  random  sample  of  skid-road 
inhabitants. 

In  summary,  a focal  outbreak  of  group  A meningococcal  disease 
occurred  among  skid-road  inhabitants  of  4 Pacific  Northwest  cities. 
Paradoxically,  the  population  at  greatest  risk  possessed  significant 
and  prior  immunity  to  the  causative  organism,  which  appeared  to  be 
environmentally  related,  and  were  colonized  by  cross-reactive  enteric 
organisms  as  well  as  the  group  A meningococcus.  This  immunologic 
paradox  may  be  related  to  the  temporal  kinetics  of  co-colonizations 
with  organisms  stimulating  differing  sites  of  the  immune  system, 
resulting  in  an  imbalance  in  the  stimulation  of  IgA  and  lytic  IgM 
and  IgG,  with  resulting  susceptibility. 
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Increases  in  bactericidal  antibodies  to  group  B meningococci  were  obtainei 
these  antibodies  were  not  directed  against  the  protein  antigen. 


Table  2.  Inhibition  of  human  serotype  P2-specific  bactericidal  antibodies  by  OMC  and  its 

components  following  various  treatments 
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Properties  of  two  new  meningococcal  group  B polysaccharide-type  2 protein  vaccines 


Table  4.  Antibody  Response  of  Rabbits  to  Two  New  Group  B Polysaccharide-Type  2 Protein  Vaccines. 
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Group  B 

polysaccharide 


Type  2 OM  protein 


Lot  WZ-2 
Lot  PA-3 
Lot  3XCA 
E.  coli  K1  PS 


Lot  WZ-2 
Lot  PA- 3 
LPS 

B polysaccharide 
OMC 


12 

12 

25 

50 

Serum  A Serum  B 


250 

30 

N.  I . c 
N.I. 

8 


250 

<62 

N.I. 

N.I. 

30 


aKilling  of  strain  99M  (B:P2,3,6:L3,7)  in  the  radioactive  bactericidal 
test. 

^Minimum  concentration  required  to  produce  50%  inhibition. 
cNo  inhibition  observed  at  100  yg/ml. 


Table  7.  Characterization  and  Designation  of  Sera  Assayed  for  Group  A Meningococcal 

Capsular  Polysaccharide  Antibody 
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Table  8.  Recovery  of  Organisms  Elaborating  Meningococcal  Group  A Capsular  Polysaccharide 


Figure  1.  A.  Antigenic  activity  of  group  B polysaccharide  vs. 
hydrolysis  time  at  pH  5 and  37°  C in  three  serological  assays. 
Radioactive  antigen  binding  assay  of  Farr,  expressed  as  percentage 
of  antigen  bound  by  a hyperimmune  horse  serum  (X).  Concentration 
of  antigen  required  to  inhibit  50X  of  the  bactericidal  activity 
of  normal  human  serum,  expressed  as  a percentage  of  the  initial 
activity  (0).  Concentration  of  antigen  required  to  inhibit  8 
units  of  human  group  B specific  hemagglutinating  antibody,  expressed 
as  a percentage  of  the  initial  activity  (pi). 

B.  Capacity  of  group  B polysaccharide  to  form  a precipitin 
line  in  agar  double  diffusion  tests  against  hyperimmune  horse  serum 
after  hydrolysis  for  dif f erentperiods  of  time. 

C.  Estimated  molecular  size  (0)  of  group  B polysaccharide 
as  judged  by  sodium  dodecyl  sulfate  polyacrylamide  gel  electro- 
phoresis after  hydrolysis  for  different  periods  of  time.  Free  sialic 
acid,  as  measured  by  the  thiobarbituric  acid  assay  as  a function  of 
hydrolysis  time  (O) . 
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Figure  2.  Prevalence  of  antibody  to  the  group  C (hatched)  and 
group  A (solid)  meningococcal  capsular  polysaccharides  among  military 
recruits  (left)  and  residents  of  Portland,  OR  and  Seattle,  WA  (right), 
expressed  as  ngm  of  antigen  bound  by  0.05  ml  serum.  Differences  are 
significant  for  both  antigens  (p=<0.01;  Kolmogorov-Smirnov  2 - 
sample  test). 


FREQUENCY 


Figure  3.  Prevalence  of  antibody  to  the  group  A meningococcal 
capsular  polysaccharide  (Asss)  among  populations  surveyed  by  the 
Center  for  Disease  Control  (CDC)  in  Portland  and  Seattle  compared 
with  that  among  populations  in  Seattle  surveyed  by  the  University 
of  Washington  (Seattle,  left)  and  among  Skid  Road  residents  surveyed 
prior  to  the  outbreak  by  the  University  of  Washington  (early  Seattle) 
compared  with  populations  surveyed  in  April,  1976  (Seattle,  right). 
NSD:  not  sifnif icantly  different  (Kolmogorov-Smirnov  2 - sample 
test) . 
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Figure  4.  Prevalence  of  antibody  to  group  A capsular  polysaccharide 
(Asss)  among  three  non  Skid  Road  populations  (recruits,  Indian 
Health  Board  Clinic  and  CDC  non  Skid  Road  control,  bottom)  and  three 
Skid  Road  populations  (CDC  Skid  Road  Control,  Alcoholic  Treatment 
Center  with  and  without  treatment  staff,  top).  Differences  were 
not  significant  (NSD)  among  each  group  but  were  significant  between 
groups  (p=<0.01,  Kolmogorov-Smirnov  2 - sample  test). 
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Figure  5.  Antibody  levels  in  survey  populations.  ATC=alcoholic  treat- 
ment centers;  AI=American  Indians  ATC  patients;  NI=Non  Indian  ATC 
patients;  IHBC=Non  alcoholic  American  Indians;  UI=Convalescent 
American  Indians  ATC;  HV=Harborview  ATC:  DI=Acute  American  Indian 
ATC. 
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Project  3A161 101A91C  IN-HOUSE  LABORATORY  INDEPENDENT  RESEARCH 
Task  00  In-House  Laboratory  Independent  Research 

Work  Unit  194  Development  of  an  Organ  Culture  Method  From  Intestinal  Biopsies 
Investigators 

Principal:  Akio  Takeuchi,  M.D. 

Associate:  Gertrude  Issac 

Description 

To  develop  a reliable  and  reproducible  method  for  the  organ  culture  of  the 
small  and  large  intestine  of  experimental  animals  and  man.  The  cultured  gut  will 
be  employed  in:  (1)  Studies  by  various  parameters  of  responses  of  the  gut  mucosa 
and  submucosa  to  various  enteric  microbes  and  microbe-derived  toxins;  special  at- 
tention will  be  paid  to  cinematographic  recordings  of  as  well  as  conventional 
static  observations  on  various  cellular  interaction  of  the  gut  epithelium  mucosa 
with  various  microbes  and  toxins.  (2)  Studies  of  replication  sites  of  certain 
enteroviruses  in  the  cultured  gut. 

These  studies  should  provide  valuable  new  information  which  will  clarify  as 
yet  unsolved  problems  in  pathogenesis  of  acute  infectious  diarrheal  diseases  com- 
mon in  military  personnel  at  home  and  overseas. 

Background 

Organ  culture  techniques  have  proven  to  be  of  considerable  value  in  the 
study  of  respiratory  tract  infections  in  man  and  animals.  Recently,  interest  has 
developed  in  the  organ  culture  of  gut  tissues  for  the  cultivation  of  enteric  vir- 
uses. Rubenstein  and  Tyrrell  (1971),  Dolin  and  Stenhouse  (1970),  and  Derbyshire 
and  Collins  (1971)  provided  evidence  of  the  multiplication  of  viruses  in  organ 
cultures  of  the  small  intestine  of  the  human  embryo.  Dolin,  et^  aj_.  (1972)  re- 
ported that  viral  antigens  from  viruses  which  belong  to  different  viral  groups 
were  successfully  detected  in  human  fetal  intestinal  organ  cultures  by  immuno- 
fluorescent  techniques.  Kagnoff,  et^  aK  (1972),  in  their  organ  culture  study 
of  adult  rabbits,  have  reported  that  the  metabolic  function  and  synthesis  of 
macromolecular  substances  including  secretory  IgA  were  still  active  after  24 
hours  culture  in  a Petri  dish.  Finally,  Eastwood  and  Trier  were  able  to  culture 
the  human  small  intestine  of  normal  subjects  and  patients  with  ulcerative  coli- 
tis up  to  24  hours  (Eastwood  and  Trier,  1973). 

Most  of  the  chambers  used  by  the  above  investigators  appeared  adequate  for 
the  growth  of  certain  viruses  and  fro  evaluation  of  limited  metabolic  activities 
in  the  cultured  bowel.  These  chambers  do  not  allow  for  an  immediate  and  accurate 
and  also  sequential  method  of  morphologic  evaluation  of  intestines  growing  in 
cultures.  This  shortcoming  prompted  the  development  of  a new  chamber  allowing  a 
convenient  observation  during  actual  organ  culture.  The  chamber  we  have  devel- 
oped by  modifying  Rose's  chamber  provides  easier  handling  of  tissues  and  better 
visualization  of  growing  cells  and  tissues  under  the  phase  contrast  microscope 
than  conventional  culture  chambers.  The  viewing  unit  consists  of  a phase  micro- 
scope, which  can  be  attached  to  a time-lapse  cinematographic  instrument,  enclosed 
in  a plastic  housing  connected  with  a thermo-control  device  which  maintains  the 
temperature  of  the  unit  at  37°C  (Takeuchi,  et  al.,  1974). 
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Progress 

Utilizing  our  new  culture  chamber  together  with  the  conventional  Falcon 
cahmber,  we  have  continuously  cultured  fetal  small  and  large  intestine.  By 
our  method,  the  fetal  gut  can  grow  well  without  it  for  up  to  48  hours  and 
shows  no  structural  alteration.  We  have  obtained  an  excellent  growth  and 
survival  of  intestinal  epithelial  cells,  the  most  sensitive  cell  population 
of  the  gut,  in  the  culture  medium  199  with  20-10%  adult  horse  serum  contain- 
ing either  gentamicin  or  the  combination  of  streptomycin  and  penicillin  in 
100%  C02  at  37°C. 

Effects  of  Crude  Shigella  dysenteriae  Toxin  on  Cultured  Gut 

Utilizing  the  above  cultured  technique,  we  were  able  to  observe  changes 
of  epithelial  cells  of  cultured  small  intestine  at  ultrastructural  level.  1 
ng  of  crude  toxin  was  capable  of  producing  cytoplasmic  alterations  within  30 
minutes  (Fig.  1). 

They  consisted  of  blunting,  blistering  and  ballooning  of  microvilli  (Fig. 

2),  swelling  and  opacifying  mitochondria  with  deranged  cristae,  swelling  and 
dilatation  of  both  smooth  and  rough  endoplasmic  reticulum  with  decreasing  numbers 
of  ribosomes  (Fig.  3).  These  EM  findings  suggested  : 1)  markedly  altered 

absorption  of  enterocytes;  2)  abnormal  mitochondrial  function  - oxidative  phos- 
phorization;  3)  altered  protein  synthesis. 

Further  studies  were  needed  to  clarfiy  the  precise  nature  of  these  inter- 
esting changes  with  biochemical  and  ultrastructural  method. 

Due  to  the  shortage  of  research  personnel  this  project  had  to  be  termi- 
nated. 


Fig.  1.  Electron  micrograph  of  mid-villus  epithelium  of 
cultured  jejunum.  Epithelial  cells  are  diffusely  involved  by 
a variety  of  cytoplasmic  alterations.  Blistering  and  ballooning 
of  microvilli,  are  obvious  in  most  of  the  epithelial  cells  except 
for  a cell  whose  microvilli  remain  unaltered  (sandwiched  by  small 
arrows).  Changes  in  underlying  cytoplasm  include  swelling  of 
mitochondria,  and  dilated  cistemae  of  ER  and  vesicles  of  Golgi 
(See  Figs.  2 and  3);  X3,200.  Circled  inset  illustrates  higher 
magnification  of  an  intercellular  junctional  area  (large  arrow) 
showing  unaltered  microvilli  at  one  cell  and  ballooning  micro- 
villi at  another.  X6,S00. 


High  magnification  of  the  brush  border  of  enterocytcs  under 
' shigella  toxins.  The  microvilli  (MV)  show  a variety  of 
ling  ballooning,  blistering  and  fragmentations.  Endoplas- 
(ER)  is  dilated,  however,  the  intercellular  junction  (IC) 
ired.  X18.000. 


Fig.  3.  Altered  mitochondria  in  a jejunal  epithelial 
cell  at  mid-villus  area.  Both  rough  and  smooth  endoplasmic 
reticulum  (ER)  are  dilated  with  decreased  numbers  of  ribo- 
somes. Mitochondria  (M)  are  swollen  and  the  matrix  is 
opaque.  The  cristae  are  altered.  Nu=nucleus.  X18.000. 
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Description 

To  define  the  antigenicity  of  arbovirus  structural  and  nonstruc- 
tural  components  as  potential  immunogens  of  prophylactic  value.  To 
isolate  and  evaluate  virus  components  as  antigens  for  evaluation  of 
immune  status  and  description  of  the  role  of  such  antigens  in  the 
immune  response  and  immunopathology  of  arbovirus  infections.  Studies 
have  emphasized  the  biochemical  and  biophysical  characterization  of 
arbovirus  antigens  and  the  development  of  appropriate  model  systems 
for  evaluating  protection  and  the  immune  response. 


Progress 

I.  Investigation  of  Parameters  Affecting  Elavi.virus  Propagation  and 
Replication  to  High  Titers. 

A major  problem  relevant  to  obtaining  flavivirus  antigens  in 
quantities  sufficient  to  perform  antigenic  analysis  is  the  low  virus 
yield  obtained  from  infected  cultures.  Numerous  experiments  were 
designed  to  investigate  the  basic  parameters  affecting  virus  yield; 
however,  no  results  were  obtained  that  would  allow  a significant  increase 
in  virus  titer  or  yield.  Japanese  encephalitis  virus  (JEV)  and  dengue-2 
virus  were  examined  in  a variety  of  cell  lines  including  LLC-MK2  and 
VERO  (continuous  monkey  kidney  cells)  BHK  21/15  (baby  hamster  kidney) 
and  primary  chick  embryo  cell  (CEC)  fibroblasts. 

JEV  was  not  released  from  infected  cells  into  the  supernatant  medium 
until  10-14  hours  post  infection  and  maximum  titers  (approx.  107  PFU/ml) 
were  obtained  within  22-26  hours.  Infection  of  LLC-MK2,  BHK  & CEC 
yielded  essentially  identical  results;  however,  Vero  cells  did  not 
release  virus  until  22  hours  post  infection  and  did  not  achieve  maximum 
titers  until  36-50  hours.  Results  with  dengue-2  virus  were  similar  with 
earliest  virus  production  at  14-18  hours,  maximum  titer  (approx.  106  PFU/ 
ml)  at  26-30  hours,  a slight  delay  in  virus  replication  by  Vero  cells 
and  the  notable  exception  that  dengue-2  virus  did  not  replicate  in  CEC 
cultures. 
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In  contrast  to  the  growth  curve  studies  utilizing  infected  suckling 
mouse  brain  suspensions  as  infective  inoculum,  virus  passaged  in  each 
of  the  cell  lines  (LLC-MK2,  BHK,  Vero)  using  24  or  48-hour  harvest  of 
infected  supernatants  as  infective  inoculum  for  new  cultures  of  the  same 
cell  type  failed  to  significantly  increase  virus  yield.  Passage  through 
six  consecutive  cell-to-cell  transfers  actually  resulted  in  reduced 
virus  yields  even  though  slight  titer  elevation  at  passage  2-3  suggested 
some  adaptation.  Decreased  titers  at  passage  six  did  not  appear  due  to 
an  enrichment  of  defective  interfering  virus  particles  since  pre-infec- 
tion of  cells  with  these  passaged  virus  suspensions  did  not  reduce  the 
normal  yield  when  these  same  cells  were  subsequently  infected  with  mouse 
brain-propagated  suspension.  Reduced  virus  yields  upon  cell-to-cell 
passage  were  most  probably  due  to  the  diminishing  multiplicity  of  infec- 
tion (MOI)  that  occurred  upon  passage.  Experiments  specifically 
designed  to  investigate  the  effects  of  MOI  clearly  showed  that  maximum 
virus  yields  were  obtained  at  an  MOI  of  one.  Yields  were  slightly 
decreased  at  MOI's  of  ten  or  greater  and  significantly  reduced  at  MOI's 
of  0.1  or  less.  All  of  the  results  discussed  were  consistent  for  each 
of  the  cell  lines  employed  and  applied  to  JEV  and  dengue-2  virus  strains 
to  include  New  Guinea  "C"  strain,  PR  159-GMK6  (parent  for  dengue-2 
vaccine)  and  the  S-l  vaccine  strain.  Current  conditions  for  flavivirus 
propagation  appear  optimal  and  our  failure  to  significantly  increase 
virus  yields  simply  means  that  future  efforts  should  be  directed  toward 
producing  large  quantities  of  virus  for  subsequent  concentration  and 
purification. 


II.  Development  of  Polyacrylamide  Gel  Electrophoresis  (PAGE)  Systems 
for  Analysis  of  Structural  and  Non-Structural  Arbovirus. 

Research  on  the  separation  of  arbovirus  antigens  is  almost  totally 
dependent  upon  a sensitive  and  reproducible  PAGE  system  for  resolving 
both  structural  and  non-structural  proteins  of  these  viruses.  Such 
systems  have  been  developed  and  applied  to  a great  many  arboviruses 
currently  under  investigation  in  the  Department  of  Virus  Diseases  (DVD). 
Specific  details  and  procedures  reflect  the  compilation  and  integration 
of  numerous  published  reports  by  others  and  are  (or  will  soon  be)  pub- 
lished in  detail  in  publications  from  DVD;  however,  the  interpretation 
of  much  of  the  data  to  follow  requires  some  description  of  the  methods 
and  their  application. 

Two  basic  discontinuous  PAGE  systems  have  been  adopted  and  are 
generally  run  as  slabs.  Both  employ  acrylamide:  DATD  (N,  N'  -Dial ly- 
tartardiamide)  at  a 30:1.3  ratio.  DATD  replaces  the  convention  bis- 
acryl amide  and  yields  a more  porous  and  flexible  gel  that  must  be  used 
at  higher  concentration  to  achieve  the  same  separations,  but,  in  our 
lab,  allows  greater  resolution  and  dries  without  cracking.  Both  gels 
are  discontinuous,  using  a 0.375  M resolving  gel  pH  8.9,  a 0.125  M spacer 
gel  pH  6.7,  and  both  contain  urea  and  sodium  lauryl  sulfate  (SLS). 
Alphavirus  proteins  are  best  resolved  on  a 14%  resolving  gel  with  a 3.6% 
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spacer;  however,  the  flaviviruses  and  their  intracellular  non-structural 
proteins  can  only  be  resolved  on  a single  gel  using  a gradient  of  10-20% 
for  a resolving  gel  with  the  same  3.6%  stacking  or  spacer  gel.  Tris-HCl 
buffer  is  used  throughout  for  pH  control  and  the  electrode  buffer  con- 
tains glycine  and  SLS  in  addition  to  the  Tris-HCl  buffer. 

Proteins  labelled  with  35s  or  125I  can  be  visualized  using  classical 
methods  of  autoradiography.  Tritium  (3h)  or  low  level  labelled 
proteins  are  best  detected  by  fluorography.  Basically,  the  method  in- 
volves dehydration  of  the  gels  in  two  changes  of  DMSO  followed  by  impreg- 
nation of  the  gel  with  the  primary  fluor  PPO  by  soaking  in  a 20%  PP0/DMS0 
(w/w)  solution.  The  PPO  is  precipitated  by  immersing  the  gel  in  water 
and  the  gel  is  subsequently  dried  on  filter  paper.  Dried  gels  are  placed 
on  Kodak  X-Omat  R film  (XR-2)  and  placed  at  -70°C  during  the  exposure 
period.  Single  bands  containing  greater  than  2000  cpm  can  be  visualized 
on  the  developed  film  following  24-48  hours  exposure  at  -70°C.  Standard 
marker  proteins  used  to  standardize  the  gel  systems  included  cytochrome 
C(12,5000  mw),  chymotripsi nogen  A (25,000  mw),  hen  albumin  (45,000  mw), 
aldose  (158,  000  mw)  and  catalase  (240,000  mw).  Migration  of  these 
standard  proteins  in  a slab,  10-20%  gradient  PAGE  gel  of  15.5  cm  length 
yielded  RF  values  of  0.85,  0.65,  0.55,  0.51,  and  0.42  respectively. 
Radiolabelled  vesicular  stomatitis  virus  (VSV)  was  frequently  employed 
as  an  internal  marker  for  these  gel  runs  with  the  four  proteins  of  this 
virus  controlling  abnormal  electrophoresis  patterns,  gel  abnormalities 
etc. 


The  adoption  of  these  discontinuous  slab  PAGE  systems  with  associated 
fluorography  and  autoradiography  have  greatly  simplified  out  viral  pro- 
tein analysis  requirements. 

III.  Solubilization  of  JEV  Infected  CEC  Antigens  and  Animal  Immuniza- 
tion. 


Flavivirus  infected  cells  contain  numerous  non-structural  viral 
proteins  which  are  virus-coded  and  presumably  antigenic  yet  are  never 
incorporated  into  virions.  A major  problem  in  the  investigation  of 
these  "antigens"  is  the  inability  to  selectively  remove  the  proteins 
from  the  infected  cells  for  antigenic  characterization.  A variety  of 
extraction  procedures  were  therefore  applied  to  JEV  infected  CEC  cultures 
in  an  attempt  to  solubilize  these  proteins  for  further  study. 

Infected  cells  were  radiolabelled  with  3H-amino  acids  and  the 
distribution  of  these  intracellular  proteins  was  monitored  during 
extraction  using  gradient  discontinuous  slab  PAGE.  Extraction  procedures 
included  combinations  of  a variety  of  salt  concentrations,  both  ionic  and 
non-ionic  detergents,  reducing  agents  such  as  2-mercaptoethanol  (2ME)  urea 
and  chloroform-methanol  mixtures.  Most  successful  among  the  solubili- 
zation procedures  was  treatment  with  0. 5-2.0%  SLS  in  combination  with 
0.1 -2.0%  2ME.  These  extractions  released  80-100%  of  the  radioactive 
counts  from  infected  cell  cultures.  Other  procedures  which  resulted  in 


the  release  of  40%  or  more  of  the  protein  radioactivity  included  8 M 
urea,  0.3  M lithium  3,5  diiodosalicylate,  and  various  combinations  of 
these  reagents  with  2ME. 
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Discontinuous  gradient  PAGE  slabs  revealed  a complete  spectrum  of 
structural  and  non-structural  JEV  proteins  in  SLS-2ME  solubilized  material. 
Similar  preparative  slabs  containing  these  proteins  were  sliced  into 
10  segments  representing  the  various  proteins  and  were  used  to  immunize 
rabbits.  Gel  suspensions  prepared  with  the  aid  of  a tissuemizer  were 
mixed  with  Freuud's  complete  adjuvant  and  infected  intradermally  at  4 
sites.  Rabbits  were  bled  10  days  following  a three-week  booster  injection 
ard  examined  for  anti-JEV  antibody  activity.  No  neutralizing  or  hemagglu- 
tination-inhibiting antibody  activity  was  detected  in  any  of  these  sera. 
Complement-fixation  tests  did  reveal  antibody  in  sera  from  animals 
immunized  with  gel  slices  containing  the  major  envelope  glycoprotein  of 
the  virion  and  those  immunized  with  the  non-structural  protein  designated 
NV-3.  Trace  antibody  was  observed  in  other  sera. 

These  data  would  suggest  that  the  immunogenic  potential  of  such 
fractions  is  not  great,  possibly  due  to  denaturation  of  these  proteins 
during  the  extraction  procedures.  Examination  of  these  sera  using  more 
sensitive  radio-immune  assay  procedures  and  a variety  of  antigen  sources 
is  contemplated. 


IV.  Comparative  Intracellular  Protein  Profiles  of  Flavivirus  Infected 
Cells  Using  Gradient  Discontinuous  PAGE  Slabs. 

The  intracellular  proteins  of  those  flaviviruses  which  have  been 
examined  have  been  described  using  chemical  inhibitors  of  normal  host 
cell  protein  synthesis  such  as  actinomycin-D  etc.  Since  most  such 
inhibitors  have  been  shown  to  have  a deleterious  effect  on  infectious 
virus  yield,  it  becomes  important  to  examine  the  intracellular  profile 
of  virus  specified  proteins  in  uninhibited  cells  if  possible.  The 
development  of  slab  discontinuous  gradient  PAGE  systems  allowed  the 
examination  of  many  samples  simultaneously  and  prompted  a detailed  study 
of  virus  specified  protein  synthesis  in  uninhibited  cells  over  the 
time  course  of  infection.  Radioactive  amino  acid  precursors  in  a pulse- 
chase  experimental  design  were  used  to  examine  the  kinetics  of  both  JEV 
and  dengue-2  virus  protein  synthesis  relative  to  those  of  mock  infected 
normal  host  cells. 

During  the  period  of  exponential  virus  release,  amino  acid  pulses 
as  short  as  3 minutes  were  incorporated  into  virus  proteins;  however, 

30  minutes  was  used  as  a routine  pulse  for  visualizing  all  of  the  non- 
structural  proteins.  Background  levels  of  normal  host  cell  protein 
synthesis  precluded  the  use  of  this  method  for  viral  protein  examina- 
tion earlier  than  12  hours  post  infection,  although  the  major  virion 
envelope  glycoprotein  (V-3)  and  the  larger  non-structural  proteins 
(NV-5,  NV-4)  could  be  detected.  From  12-20  hours  post  infection,  a 
definite  decrease  in  normal  host  cell  protein  synthesis  could  be 


observed  in  virus  infected  cells.  Although  this  decrease  was  not  equal 
among  all  of  the  host  cell  proteins,  virus  specified  proteins  could  be 
easily  distinguished.  Cultures  pulsed  at  12-16  hours  post  infection 
revealed  a clear  pattern  of  virus  specified  proteins.  Infected  cells 
examined  at  the  intervals  through  48  hours  post  infection  failed  to 
reveal  any  significant  change  in  the  virus  specified  protein  profile, 
although  decreased  host  cell  protein  synthesis  yielded  cleaner  profiles 
at  the  later  times. 

Pulse  chase  experiments  failed  to  demonstrate  clear  evidence  of 
post-translational  cleavage  as  a functional  means  of  virus  specified 
protein  synthesis;  however,  many  of  these  viral  proteins  exhibited 
differential  rates  of  synthesis  throughout  the  replication  cycle. 

Most  notable  among  the  differences  observed  was  the  disappearance  of 
the  major  envelope  glycoprotein  V- 3 with  extended  chase  periods.  This 
observation  is  assumed  to  reflect  assembly  and  release  of  complete 
virions  into  the  supernatant  fluids.  Both  JEV  and  dengue-2  virus  infected 
cells  appeared  similar  with  respect  to  the  kinetics  of  virus  protein 
synthesis,  release,  etc.  The  development  of  procedures  and  background 
data  on  the  kinetics  of  flavi virus  protein  synthesis  provides  a firm 
laboratory  base  for  examination  of  the  nature  of  temperature-sensitive 
dengue  vaccine  virus  replication  defects,  antigenic  and/or  strain 
variation  among  flavi virus  strains  and  the  relationship  of  protein  syn- 
thesis to  intracellular  antigen  development. 

Throughout  the  course  of  these  studies,  it  became  quite  apparent 
that  the  virus  specified  intracellular  protein  profiles  of  JEV  and 
dengue-2  virus  infected  cells  were  not  identical  even  though  the  kinetics 
of  protein  synthesis  appeared  quite  similar.  Other  flaviviruses  were 
selected  and  examined  by  the  discontinuous  gradient  slab  PAGE  in  an 
attempt  to  detect  differences  in  the  mobility  of  the  virus  specified 
intracellular  proteins.  Most  flaviviruses  were  thought  to  be  similar 
if  not  identical  with  respect  to  molecular  weight  estimations  of 
the  non-structural  virus  proteins. 

An  autoradiograph  comparing  seven  different  flavi virus  infected 
BHK  21/15  cultures  is  shown  in  Figure  1.  Vesicular  stomatitis  virion 
proteins  are  included  for  reference.  Although  certain  host  cell 
proteins  are  still  present  in  these  preparations  taken  20  hours  post 
infection,  differences  in  the  major  virus  proteins  can  be  detected. 

The  largest  non-structural  protein,  NV-5,  migrates  approximately  the 
same  in  each  of  the  virus  preparations;  however,  the  NV-4  protein  of 
JEV  and  yellow  fever  virus  is  considerably  larger  than  the  others. 

Without  specifically  delineating  each  of  the  differences,  it  is 
apparent  that  this  technique  allows  differentiation  of  many  of  these 
flaviviruses  based  on  differences  in  the  relative  mobilities  of 
their  intracellular  proteins.  Recalling  that  these  preparations  were 
examined  20  hours  post  infection,  it  is  conceivable  that  gradient  slab 
discontinuous  PAGE  and  fluorography  can  be  expanded  to  yield  a flavi - 
virus  rapid  identification  test. 
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Description. 

The  genetic  mechanisms  underlying  the  interaction  of  rickettsiae 
and  their  hosts  are  being  investigated  to  develop  an  understanding  of 
virulence  and  antigenic  variations.  The  approach  includes  use  of 
inbred  strains  of  mice  to  determine  effect  on  virulence  of  rickettsiae 
and  the  development  of  a sensitive  plaque  assay  technique  for  qualifi- 
cation of  rickettsiae.  Exploratory  experiments  have  indicated  this 
latter  technique  has  the  potential  for  discriminating  between  antigenic 
variants  by  the  antibody  mediated  plaque  reductions  tests.  In  addition, 
biochemical  studies  have  been  directed  toward  purification  of  scrub 
typhus  rickettsiae  from  contaminating  host  cell  debris.  Identification 
of  peripheral  macromolecules  responsible  for  antigenic  heterogeneity 
would  be  substantially  aided  by  the  preparation  of  highly  purified 
R.  tsutsugamushi. 

Progress . 

I.  Genetics  of  natural  resistance  to  scrub  typhus  injections 
in  mice. 

The  influence  of  genetic  factors  on  the  resistance  of  mice  to 
bacterial  and  viral  agents  has  been  recognized,  but  little  information 
exists  concerning  the  inheritable  resistance  of  mice  to  lethal  rickettsial 
infection.  Heaslip  (1)  suggested  that  stocks  of  white  mice  bred  in 
Australia  differed  in  their  susceptibility  to  an  isolate  of  Rickettsia 
tsutsugamushi,  while  other  investigators  reported  that  Swiss  and  Farm 
mouse  stocks  obtained  in  England  differed  in  their  susceptibility  to 
the  Imphal  and  Calcutta  strains  of  scrub  typhus  rickettsiae.  McDade 
and  Gerone  (2),  reporting  on  the  first  successful  plaque  assay  of 
R.  tsutsugamushi,  considered  that  the  relationship  between  50%  mouse 
lethal  dose  (MLD,q)  and  plaque  titer  could  vary  due  to  differences  in 
susceptibility  of  Swiss  and  ICR  mouse  stocks.  More  recently,  a brief 
study  of  several  inbred  strains  of  mice  challenged  with  the  Gilliam 
strain  of  R.  tsutsugamushi  indicated  that  the  C57  Black  mouse  strain 


differed  from  others  in  its  heightened  resistance  to  lethal  rickettsial 
infection.  These  isolated,  but  consistent,  observations  suggested 
a relationship  between  the  genetic  background  of  mice  and  their  resistance 
or  susceptibility  to  lethal  infection  with  R.  tsutsugamushi. 

Evaluation  of  rickettsial  virulence  in  mice  has  focused  principally 
on  rickettsial  variants  rather  than  strain  differences  in  the  animal 
host.  Isolates  of  R.  tsutsugamushi  evidence  different  virulence 
characteristics  in  laboratory  mice,  and  some  investigators  have  suggested 
a direct  correlation  between  severity  of  human  scrub  typhus  infections 
and  virulence  of  the  etiologic  strain  for  this  laboratory  host.  Further 
extension  of  the  concept  suggested  that  rickettsial  strains  with  reduced 
virulence  for  mice  could  be  useful  as  attenuated  strains  for  human 
immunization.  R.  tsutsugamushi,  strain  Gilliam,  originally  isolated 
from  a patient  with  clinical  scrub  typhus  and  believed  to  have  been 
attenuated  by  laboratory  passage  in  embryonated  eggs,  was  tested  as  an 
immunogen  in  Malaysian  human  volunteers.  Despite  its  reduced  virulence 
for  stocks  of  laboratory  mice,  this  rickettsial  strain  was  found  to 
cause  clinical  scrub  typhus  in  man  that  was  indistinguishable  from 
naturally  acquired  disease.  The  widespread  use  of  mice  in  laboratory 
studies,  and  the  utilization  of  observed  virulence  characteristics  as 
a basis  for  presumption  of  pathogenesis  of  infection  in  man  and  primate 
models,  suggested  to  us  the  need  for  additional  studies  on  the  influence 
of  genetic  factors  in  resistance  of  mice  to  lethal  infection  with 
R.  tsutsugamushi. 

In  this  report,  we  present  a survey  of  outbred  mouse  stocks  and 
inbred  mouse  strains  for  susceptibility  to  R.  tsutsugamushi,  assess  the 
resistance  of  F1  hybrids  derived  from  inbred  parents  of  both  similar 
and  different  rickettsial  susceptibilities,  evaluate  resistance  of  F2 
and  parental  backcross  generations  of  a selected  inbred  hybrid,  and 
examine  two  possible  mechanisms  of  resistance. 


A.  Survey  of  mice  for  response  to  R.  tsutsugamushi,  strains 
Gilliam  and  Karp. 

The  response  of  outbred  mouse  stocks  to  Gilliam  infection  varied. 

Six  outbred  stocks  were  tested,  of  which  1 was  susceptible,  2 were 
resistant,  and  3 were  selectively  resistant  (Table  1).  Stocks  of 
outbred  mice  with  a similar  genetic  origin,  but  obtained  from  different 
suppliers,  showed  little  similarity  in  their  response  to  Gilliam.  Swiss 
mice  were  either  susceptible  or  selectively  resistant,  and  ICR  mice 
were  either  resistant  or  selectively  resistant  depending  on  their  source. 
Sex  of  the  stock  did  not  affect  response  pattern;  both  male  and  female 
Wrc:(ICR)  mice  were  selectively  resistant  to  Gilliam  and  evidenced 
similar  resistance  indices.  All  outbred  mouse  stocks  were  susceptible 
to  Karp  infection. 


Table  1.  Response  of  outbred  mouse  stocks  to  R.  tsutsugamushi, 
strain  Gilliam. 


Outbred  stock 

Resistance  index 

Response  pattern 

Swiss 

Mai: (S) 

3 

Susceptible 

Caw:CFW(SW) 

40 

Selectively  resistant 

Albino  . 

Caw:CFl 

> 6.3  X 10J 

Resistant 

ICR  , 

Crl :COBS  CD-I (ICR) 

> 6.3  X 10 

Resistant 

Dub: (ICR) 

126 

Selectively  resistant 

Wrc: (ICR) :male 

320 

Selectively  resistant 

female 

100 

Selectively  resistant 

Inoculation  of  inbred  strains  of  mice  with  Gilliam  resulted  in  a 
more  uniform  response  to  the  rickettsiae.  Mice  were  usually  either 
susceptible  (9  strains)  or  resistant  (6  strains),  and  the  erratic, 
selectively  resistant  response  was  observed  only  in  the  A/J  strain 
(Table  2).  Inbred  mice  derived  from  the  same  genetic  line  showed  a 
similar  response  to  Gilliam,  regardless  of  their  source.  The  four 
C3H  and  two  DBA  strains  were  all  susceptible,  and  both  BALB/c  strains 
were  resistant.  No  correlation  was  evident  between  response  to  Gilliam 
infection  and  known  H-2  alleles  of  inbred  mouse  strains  tested. 

All  inbred  strains  of  mice  were  susceptible  to  Karp  infection. 

B.  Response  of  inbred  hybrid  mice  to  Gilliam  and  Karp. 

Progeny  from  5 different  Gilliam- resistant  by  Gilliam-susceptible 
parental  crosses  were  surveyed,  as  well  as  one  hybrid  cross  (C3D2F../J) 
derived  from  the  mating  of  two  susceptible  parents.  Two  hybrids, 

C3CF^/Dub  and  CC3F^/Dub,  represented  reciprocal  sexual  crosses  of 
C3H/HeDub  X BALB/ cDub  mice.  In  the  five  F,  hybrids  of  mixed  parental 
susceptibility,  Gilliam-resistance  was  dominant  (Table  3).  As  expected, 
the  Gilliam-susceptible  parents  produced  susceptible  progeny. 

Inoculation  of  male  and  female  offspring  with  Gilliam  indicated  resistance 
was  not  sex  linked,  although  resistant  male  F^  mice  usually  survived 
ten-fold  greater  doses  than  did  resistant  females.  All  F^  hybrids 
were  susceptible  to  Karp  infection. 


Table  2.  Response  of  inbred  mouse  strains  to  R.  tsutsugamushi, 
strain  Gilliam. 


Inbred  strain Resistance  index H-2  Allele  Response  pattern 


A/HeJ 

2 

a 

Susceptible 

A/J 

63 

a 

Selectively  resistant 

AKR/J 

1.3  X 104 

k 

Resistant 

BALB/ cDub 

> 2.5  X 104 

d 

Resistant 

BALB/cJ 

> 1.0  x io4 

d 

Resistant 

C3H/HeDub 

3 

k 

Susceptible 

C3H/HeJ 

1 

k 

Susceptible 

C3H/HeN 

2 

k 

Susceptible 

C3H/St 

1 

k 

Susceptible 

C57BL/6J 

> 3.2  X 104 

b 

Resistant 

C57L/J 

> 6.3  X 105 

b 

Resistant 

CBA/J 

1 

k 

Susceptible 

DBA/ 1 J 

1 

q 

Susceptible 

DBA/2J 

1 

d 

Susceptible 

SJL/J 

1 

s 

Susceptible 

SWR/J 

3.2  X 104 

q 

Resistant 

Table  3.  Response  of  F^  inbred  hybrid  mice  to  Gilliam  infection. 


F^  hybrid 

Sex 

Resistance 

index 

Response  pattern 

AKD2F./J: 

male 

7.9 

X 

5 

10 

Resistant 

(AKR  X DBA/2) 

4 

female 

7.9 

X 

10 

Resistant 

B6D2F. /J: 

male 

1.3 

X 

105 

Resistant 

(C57BE/6  X DBA/ 2) 

A 

female 

1.3 

X 

io4 

Resistant 

C3D2F./J: 

male 

1 

Susceptible 

(C3H/He  X DBA/2) 

female 

3 

Susceptible 

LAF,/J: 

male 

8.5 

X 

106 

Resistant 

(C57L  X A/He) 

6 

female 

9.6 

X 

10 

Resistant 

C3CF. /Dub : 

male 

6.3 

X 

O 

O' 

Resistant 

(C3H/He  X BALB/c) 

A 

female 

5.0 

X 

10 

Resistant 

CC3F, /Dub : 

male 

1.0 

X 

106 

Resistant 

(BALB/c  X C3H/He) 

female 

1.0 

X 

105 

Resistant 

C.  Response  to  Gilliam  infection  of  F and  parental  backcross 
generations  of  C3H/HeDub  X BALB/cDub  mice. 

In  order  to  study  the  genetics  of  Gilliam  resistance,  large  popu- 
lations of  F2  and  parental  backcross  (F^  X male  parent)  generations 
resulting  from  C3H/HeDub  and  BALB/cDub  crosses  were  inoculated  with 
1,000  MLD^q  of  Gilliam  (as  determined  in  C3H/HeDub  mice).  The  percentage 
of  each  hybrid  group  surviving  the  infection  closely  approximated  the 
survival  rate  expected,  provided  resistance  followed  simple  Mendelian 
genetics,  and  acted  as  a single  autosomal  dominant  trait  (Table  4). 

The  backcross  of  F-^  by  susceptible  parent  yielded  the  expected  ratio 
of  one  resistant  to  one  susceptible;  the  progeny  of  F^  by  resistant 
parent  were  essentially  all  resistant,  and  the  F^  X F^  cross  (F^) 
produced  the  expected  ratio  of  3 resistant  to  1 susceptible. 

Resistance  was  not  linked  to  coat  color. 
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Table  4.  Response  of  F~  and  parental  backcross  generations  of 
C3H/HeDub  X BALB/cDub  mice  to  Gilliam  infection. 


Percent  survivors  of 

Hybrid Coat  color Gilliam  infection  a 


Backcrosses 

C3CF1  X C3H/He 

dark  brown 

47 

(46/97)b 

CC3F1 

X BALB/c 

white 

light  brown 
dark  brown 

96 

97 
100 

Total  97 

(48/50) 

(28/29) 

(21/21) 

(97/100) 

F2CC3F1 

X CC3F1 

white 

light  brown 
dark  brown 

72 

84 

74 

Total  76 

(18/25) 

(21/25) 

(35/47) 

(74/97) 

1,000  MLO  of  Gilliam  given  I.P.;  MLD  calculated  in  C3H/HeDub 
mice.  5U  50 

The  numbers  in  parentheses  indicate  the  ratio  of  surviving  mice  to 
total  number  of  animals  inoculated. 


D.  Infection  of  primary  mouse  embryo  cell  cultures  with 

Gilliam. 

The  striking  difference  in  susceptibility  of  C3H/HeDub  and  BALB/cDub 
mice  to  infection  with  Gilliam  could  result  from  a physiological 
inability  of  BALB/cDub  cells  to  support  the  replication  of  these 
rickettsiae.  To  determine  if  Gilliam  organisms  could  replicate  in  cells 
from  both  animals,  embryo  cell  cultures  of  each  type  were  infected  under 
similar  conditions,  harvested  after  5 days  incubation,  and  rickettsial 
growth  determined  by  microscopic  observation  of  stained  slides.  No 
difference  was  observed;  34%  of  the  C3H/HeDub  cells  were  heavily  infected 
compared  to  38%  of  the  BALB/cDub  cells. 

E.  Immunization  of  C3H/HeDub  mice  with  Gilliam. 

Differences  in  survival  of  mice  after  rickettsial  infection  could 
be  related  to  host  immunological  deficiencies  which  preclude  an  effective 
immune  response  to  a specific  agent.  Mice  have  been  demonstrated  to 
survive  a potentially  lethal  dose  of  R.  tsutsugamushi  when  it  is  admin- 
istered subcutaneously  (s.c.),  and  animals  are  subsequently  immune  to 
lethal  i.p.  challenges  . To  determine  if  C3H/HeDub  mice  were  capable 
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of  mounting  a protective  immune  response  to  the  Gilliam  strain,  mice 
were  inoculated  s.c.  with  1,000  or  10,000  MLDj-q  of  Gilliam  (as 
determined  by  i.p.  inoculation  of  C3H/HeDub  mice),  and  then  challenged 
28  days  later  by  the  i.p.  route  with  1,000  MLD  of  either  Karp  or 
Gilliam.  Mice  inoculated  s.c.  with  either  concentration  of  Gilliam 
survived  the  initial  infection  and  were  completely  protected  against 
subsequent  homologous  or  heterologous  challenge  by  the  i.p.  route. 

F.  Response  of  C3H/HeDub  and  BALB/c  mice  to  other  strains 
of  R.  tsutsugamushi . 

It  was  possible  that  C3H/HeDub  mice  were  susceptible  not  only  to 
the  Gilliam  strain,  but  to  other  strains  of  scrub  typhus  rickettsiae 
which  elicited  resistant  or  selectively  resistant  patterns  in  outbred 
mouse  stocks.  Strains  TA678,  TA686,  and  TA716,  which  produced  a 
resistant  response  pattern  in  outbred  Wrc:(ICR)  mice  and  the  Kostival 
strain,  which  produced  a selectively  resistant  pattern,  were  used  to 
infect  C3H/HeDub  mice.  In  addition,  BALB/cDub  mice,  known  to  be 
resistant  to  Gilliam  were  tested  with  these  same  strains  of  rickettsiae. 
Table  5 shows  that  inbred  mouse  strains,  unlike  the  outbred  stock,  were 
clearly  differentiated  in  their  response  to  Kostival;  C3H/HeDub  mice 
were  susceptible  and  BALB/cDub  were  resistant.  Infection  of  inbred 
mice  with  the  other  rickettsial  strains  elicited  a response  pattern 
similar  to  that  observed  in  the  outbred  Wrc:(ICR)  stock. 


Table  5.  Response  of  C3H/HeDub,  BALB/cDub  and  Wrc:(CR)  mice  to 
selected  strains  of  R.  tsutsugamushi. 


Rickettsial  strain 

Mouse 

Resistance  index 

Response  pattern 

Kostival 

C3H/HeDub 

* 4 

Susceptible 

BALB/cDub 

8.5  X 10 

Resistant 

Wrc: (ICR) 

130 

Selectively  resistant 

TA678 

C3H/HeDub 

>6.3  X 103 

Resistant 

BALB/cDub 

>4.0  X 103 

Resistant 

Wrc: (ICR) 

4.8  X HT 

Resistant 

TA686 

C3H/HeDub 

>1.0  X 10® 

Resistant 

BALB/cDub 

>6.3  X 10,1 

Resistant 

Wrc: (ICR) 

>1.8  X 103 

Resistant 

TA716 

C3H/HeDub 

2.0  X 10® 

Resistant 

BALB/ cDub 

4.0  X 103 

Resistant 

Wrc: (ICR) 

9.3  X 103 

Resistant 
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The  results  of  our  studies  clearly  indicate  that  both  outbred 
stocks  and  inbred  strains  of  mice  vary  in  their  resistance  to  lethal 
infection  with  the  Gilliam  strain  of  R.  tsutsugamushi.  Inbred  mouse 
strains  that  survived  Gilliam  or  Kostival  infection  evidenced  resistance 
indices  as  much  as  6 X 10^  times  greater  than  those  of  susceptible 
mouse  strains,  but  resistance  was  never  absolute  and  could  be  over- 
whelmed by  very  large  inocula  of  rickettsiae.  Resistant  and  susceptible 
response  patterns  in  inbred  mice  were  both  characterized  by  uniform, 
dose-related  mortality  of  animals. 

Random  distribution  of  deaths  and  survivors  throughout  the  titration 
range,  which  characterized  the  selectively  resistant  response  pattern, 
was  observed  almost  exclusively  in  outbred  stocks  of  mice.  The  frequent 
observation  of  this  erratic  dose-response  pattern  in  Gilliam  infected 
Wrc:(ICR)  mice  originally  led  us  to  speculate  that  these  mice  might 
differ  sufficiently  in  their  genetic  composition  to  affect  natural 
resistance  to  infection.  Survey  of  other  outbred  stocks  from  different 
suppliers  indicated  that  3 of  the  6 stocks  tested  showed  a similar 
pattern  of  selective  resistance.  The  susceptible  or  resistant  pattern 
observed  in  the  3 remaining  outbred  stocks  was  initially  disconcerting, 
but  it  was  considered  possible  that  the  production  techniques  of 
commercial  breeders,  employing  closed  colonies,  could  lead  to  some 
degree  of  genetic  homogeneity. 

Identification  of  the  original  breeding  stock  of  outbred  mice 
could  not  be  correlated  with  the  response  pattern  observed  for  the 
Gilliam  strain  of  R.  tsutsugamushi.  A close  correlation  was  observed 
with  inbred  mice,  but  this  may  have  been  influenced  by  the  small  number 
of  strains  tested  and  the  common  national  origin  of  the  commercial 
suppliers.  Other  investigators  have  reported  that  inbred  CBA  mice 
procured  within  the  U.S.S.R.  were  resistant  to  Gilliam  infection,  but 
CBA/J  mice  included  in  this  study  were  exquisitely  susceptible  co  the 
Gilliam  strain  of  R.  tsutsugamushi  maintained  in  our  laboratory.  Since 
the  C3H/HeDub  strain  initially  tested  was  found  to  be  susceptible  to 
Gilliam,  3 additional  C3H  strains  were  examined  in  an  attempt  to  find 
a variant  strain  resistant  to  Gilliam  which  remained  histocompatible 
with  C3H/HeDub . The  C3H/HeJ,  C3H/HeN,  and  C3H/St  mice,  selected  for 
their  different  responses  to  endotoxin,  failed  to  show  analogous 
differences  in  rickettsial  susceptibility  and  all  strains  succumbed 
to  Gilliam  infection. 

The  progeny  derived  from  crosses  of  inbred  parents  with  different 
Cilliam  susceptibilities  were  uniformly  resistant  to  Gilliam  infection 
regardless  of  sex.  Only  the  cross  of  two  sensitive  strains  yielded 
progeny  susceptible  to  lethal  Gilliam  infection.  Testing  of  F?  and 
parental  backcross  generations  of  C3H/HeDub  and  BALB/cDub  hybrids 
vlelded  percentages  of  resistant  mice  which  also  suggested  that 
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resistance  was  genetically  determined.  It  thus  appeared  that  in  the 
C3H-BALB/c  system,  resistance  to  Gilliam  infection  was  dominant  and 
was  controlled  by  a sing’e  gene  or  closely  linked  cluster  of  genes 
which  were  autosomal  and  not  linked  to  coat  color.  Furthermore,  the 
survey  of  16  inbred  strains  of  mice  did  not  indicate  that  resistance 
to  Gilliam  infection  was  associated  with  a particular  H-2  allele. 


The  precise  mechanism  underlying  susceptibility  or  resistance  to 
lethal  Gilliam  infection  was  not  determined.  Susceptibility  of  C3H/HeDub 
mice  was  not  the  result  of  an  inability  to  mount  an  immune  response  to 
Gilliam  antigens,  since  subcutaneous  infection  was  not  lethal  and  did 
protect  animals  against  subsequent  intraperitoneal  challenge  with 
Gilliam  or  Karp.  Also,  resistance  did  not  appear  to  be  the  result  of 
a diminished  capacity  of  Gilliam  organisms  to  penetrate  and  multiply  in 
BALB/cDub  cells  as  compared  to  C3H/HeDub  cells.  Cultured  cells  from 
each  strain,  infected  in  vitro,  evidenced  similar  levels  of  rickettsial 
growth.  However,  these  results  do  not  preclude  differences  in  resistance 
mediated  by  immunocompetent  cells  of  different  mouse  strains.  Previous 
work  both  from  this  laboratory  and  another  suggested  that  resistant 
strains  of  mice  effectively  suppressed  Gilliam  proliferation  in  the 
peritoneal  cavity  through  evolution  of  rickettsiacidal  macrophages. 

The  results  of  this  study  emphasize  the  importance  of  genetic 
differences  among  mouse  strains  in  assessing  the  virulence  of  scrub 
typhus  rickettsiae  for  this  laboratory  host.  The  Karp  strain  of 
R.  tsutsugamushi  was  uniformly  virulent  for  all  inbred  and  outbred 
stocks  tested,  but  substantial  differences  in  susceptibility  were 
evident  among  mouse  strains  inoculated  with  Gilliam  or  Kostival. 
Inoculation  of  a susceptible  mouse  strain  (C3H/HeDub)  with  Karp, 

Gilliam  or  Kostival  indicated  no  detectable  difference  in  virulence 
and  suggested  that  evaluation  of  rickettsial  virulence  in  mice  must  be 
qualified  by  defining  the  genetic  background  of  the  host  animal. 

II.  Plaque  assay  and  cloning  of  scrub  typhus  rickettsiae  in 
irradiated  1-929  cells. 

Plaque  formation  by  rickettsiae,  particularly  the  typhus  and 
spotted  fever  group  organisms,  has  been  described  in  primary  chick 
embryo  cell  culture  and  in  continuous  cell  lines.  In  addition,  optimum 
cultural  conditions  and  diluents  have  been  carefully  examined  using 
the  primary  chick  embryo  system.  However,  there  has  been  little 
refinement  of  the  plaque  assay  technique  for  scrub  typhus  rickettsiae 
since  the  initial  report  of  successful  plaquing  in  primary  chick 
embryo  cells  (2).  We  investigated  the  ability  of  a continuous  cell 
line  to  support  plaque  formation  by  R.  tsutsugamushi , since  this 
technique  not  only  would  provide  a convenient  plaquing  procedure  in 
urban  laboratories,  but  would  constitute  a significant  technical  advance 
for  overseas  laboratories  situated  in  remote  geographical  areas  where 
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pathogen-free  eggs  are  not  routinely  available.  Previous  work  from 
this  laboratory  indicated  that  L-929  cells  would  support  plaque 
formation  by  spotted  fever  group  rickettsiae,  and  other  investigators 
noted  that  plaque  formation  occurred  in  irradiated  L-929  cells 
infected  with  typhus  or  spotted  fever  group  rickettsiae.  Since 
R.  tsutsugamushi  had  been  reported  to  grow  in  irradiated  L-929  cell 
monolayers,  it  seemed  reasonable  to  expect  that  plaque  formation 
would  occur.  The  purpose  of  this  study  were  to:  1)  determine  cultural 
conditions  for  infected,  irradiated  L-929  cells  which  resulted  in  well- 
defined  rickettsial  plaques;  2)  demonstrate  the  effectiveness  of  the 
plaquing  system  for  classical  scrub  typhus  strains  and  representative 
members  of  other  rickettsial  groups;  and  3)  devise  a method  for  plaque 
purification  and  cloning  of  scrub  typhus  rickettsiae. 

A.  Effect  of  L cell  concentration  and  incubation  temperature 
on  plaque  formation. 

These  two  variables  first  were  examined  using  j*.  conorii,  a spotted 
fever  group  organism  capable  of  rapidly  producing  large  plaques,  then 
favorable  conditions  were  tested  with  scrub  typhus  rickettsiae. 

The  density  of  L cell  monolayers  was  controlled  by  adjusting  the 
concentration  of  irradiated,  non-replicating  cells  placed  in  culture 
dishes.  After  overnight  incubation  at  34C,  each  dish  was  infected  with 
an  appropriate  dilution  of  R.  conorii,  overlayed  and  re-incubated  at 
34C.  Neutral  red  staining  overlay  was  applied  on  day  7 and  on  day  8 
the  plaques  were  photographed  and  measured.  Table  6 indicates  that  an 
increase  in  cell  density  from  0.25  X 10^/ml  to  2.0  X 10^/ml  was 
accompanied  by  a two-fold  reduction  in  plaque  diameter.  In  each 
instance,  plaques  were  symmetrical  with  well  defined  edges,  although 
staining  contrast  was  reduced  at  a cell  density  of  0.25  X lO^/ral.  The 
initial  plaquing  experiment  with  R.  tsutsugamushi , strain  Gilliam, 
was  conducted  at  a cell  concentration  of  0.75  X 10^/ml.  Plaques 
were  very  small,  usually  less  than  0.5  mm  in  diameter,  and  unsuitable 
for  either  plaque  recovery  or  reliable  enumeration.  Only  those  cell 
concentrations  favoring  larger  plaque  diameter  were  suitable  for 
further  testing.  Studies  conducted  with  cell  concentrations  of  0.5  X 
10b/ml  and  0.25  X lO^/ml  indicated  staining  contrast  was  inadequate 
at  the  latter  density.  Plaques  occurring  in  dishes  seeded  with  0.5 
X 10^  cells/ml  were  approximately  0.8  mm  in  diameter  and  clearly 
defined.  This  cell  concentration  was  employed  in  all  further 
experiments. 

The  effect  of  incubation  temperature  on  plaque  development  also 
was  studied  first  using  R.  conorii  as  the  infecting  organism. 

Adequate  plaque  formation  was  observed  at  28,  30,  32,  34  and  36C. 
Temperatures  exceeding  37C  had  a deleterious  effect  on  the  cell  mono- 
layers  and  insufficient  stain  was  incorporated  to  provide  adequate 
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Table  6.  Effect  of  irradiated  L-929  cell  density  on  plaque  size. 


Number  of  L cells/ml 
(X  106) 


Plaque 

diameter  (mm) 


0.25 

1.41 

(± 

.03) 

0.50 

1.37 

(± 

.04) 

0.75 

1.21 

(± 

.03) 

1.00 

0.95 

(± 

.02) 

2.00 

0.70 

(± 

.03) 

Standard  error  of  the  mean. 


contrast  for  plaque  identification.  Plaque  development  was  rapid  at 
36C  and  well  defined  spotted  fever  group  plaques  were  visible  four 
days  after  infection.  Reduction  in  incubation  temperature  slowed 
plaque  formation  and  at  28C,  13  days  were  required  for  formation  of 
well  defined  plaques.  The  initial  experiment  conducted  with  R_^ 
tsutsugamushi,  strain  Gilliam,  indicated  that  19  days  were  required 
for  plaque  formation  when  infected  monolayers  were  incubated  at  32C. 

This  lengthy  incubation  period  suggested  that  higher  temperatures, 
favoring  more  rapid  plaque  development,  should  be  investigated. 

Figure  1 illustrates  that  plaques  formed  by  scrub  typhus  organisms 
at  34C  were  slightly  larger  and  much  more  distinct  than  observed  at 
32C.  Irradiated  L cell  monolayers  did  not  remain  viable  after  prolonged 
incubation  at  36C. 

Cultural  conditions  optimal  for  plaquing  R.  tsutsugamushi  and 
acceptable  for  R.  conorii  included  a cell  concentration  of  5 X 105/ml 
and  incubation  at  34C.  These  conditions  were  employed  in  all  further 
studies. 

B.  Effect  of  length  of  incubation. 

The  optimal  time  for  plaque  development  and  application  of  neutral 
red  overlay  was  determined  for  all  three  classical  strains  of  scrub 
typhus  rickettsiae  and  for  representatives  of  the  spotted  fever  and 
typhus  group  organisms.  A large  number  of  dishes  containing  monolayers 
of  irradiated  L cells  were  infected  with  appropriate  dilutions  of 
each  of  the  rickettsial  strains  and  were  then  overlayed  and  incubated 
at  34C.  Staining  overlay  was  applied  on  successive  days  during  the 
period  when  preliminary  experiments  had  indicated  that  plaques 
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Fig.  1 (A) 


Fig.  1 (B) 


Figure  1.  Effect  of  temperature  on  plaque  formation  by 

R.  tsutsugamushi , strain  Gilliam.  (A)  Infected 
L cell  monolayer  incubated  at  32C  for  19  days; 
(B)  Infected  L cell  monolayer  incubated  at 
34C  for  16  days. 


were  visible.  The  culture  dishes  were  observed  24  hrs  after  application 
of  the  staining  overlay  to  determine  the  presence  and  quality  of  plaque 
formation,  as  well  as  ease  of  enumeration.  Table  7 indicates  the  first 
day  that  plaques  were  visible  and  also  identifies  the  earliest  day  when 
plaque  size  and  staining  contrast  were  considered  satisfactory  for 
counting  and  plaque  recovery.  The  scrub  typhus  group  of  rickettsiae 
required  the  longest  incubation  period,  usually  19  days,  although  the 
Gilliam  strain  produced  plaques  in  a noticeably  shorter  time  than  dio 
the  other  two  strains  tested.  The  spotted  fever  group  exhibited  distinct, 
well  defined  plaques  after  only  5 days  incubation.  Plaques  of  the  typhus 
group  were  small  and  indistinct  after  12  days  incubation,  but  neither 
continued  incubation  nor  application  of  an  intermediate  feeder  overlay 
on  day  7 improved  plaque  morphology  or  clarity  of  staining.  Figure  2 
illustrates  typical  plaque  formation  by  each  group  of  rickettsia  after 
the  optimal  length  of  incubation. 

Table  7.  Length  of  incubation  required  for  plaque  formation  by 
rickettsiae  in  irradiated  L-929  cells. 


Rickettsiae 

Day  staining  overlay 
applied 

R.  tsutsugamushi,  strain  Karp 

17,  18,  19a,  20 

R.  tsutsugamushi,  strain  Gilliam 

15,  16.,  17,  18 

R.  tsutsugamushi,  strain  Kato 

17,  18,  19,  20 

R.  conorii 

4,  5,  6,  7,  8 

R.  rickettsii 

4,  5,  6,  7,  8 

R.  prowazekii 

10,  11,  12,  13 

R.  typhi 

10,  11,  12,  13 

a 

Underlining  indicates  earliest  day  on  which  plaque  development 
and  staining  contrast  were  satisfactory  for  enumeration  and 
plaque  recovery. 
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C.  Quantitative  comparison  of  plaque  assay  and  mouse  assay. 


The  data  in  Table  8 suggest  that  the  sensitivity  of  the  two  tests 
is  similar.  The  plaque  titer  is  similar  to  the  MID  and  MLD  values 
for  Karp  and  Kato,  which  are  lethal  in  small  doses  tor  this  s£9ain 
of  mice.  The  Gilliam  strain  of  R.  tsutsugamushi,  which  is  less  virulent 
in  ICR  mice,  evidences  some  disparity  in  titer  between  MLD  and  PFU, 
but  the  MID^0  value  is  similar  to  the  plaque  titer.  ^ 


Plaque  formation  by  scrub  typhus  group,  spotted 
fever  group  and  typhus  group  rickettsiae  in 
irradiated  L-929  cells.  (A)  R.  tsutsugamushi, 
strain  Karp;  (B)  R.  tsutsugamushi,  strain 
Kato;  (C)  R.  conorii;  (D)  R.  rickettsii; 

(E)  R.  prowazekii ; (F)  R.  typhi 


Table  8.  Comparison  of  the  plaque  titers  of  scrub  typhus  rickettsiae 
with  the  MLD^  and  MID^  titers  in  ICR  mice* 


Titers  (log10/ml) 


Organisms 

mld50 

MID 

50 

PFU 

R.  tsutsugamushi 

Karp  strain 

7.3 

(±  0 . 3)b 

7.3 

(±  0.3) 

7.0 

(±  0.1) 

R.  tsutsugamushi 
Gilliam  strain 

7.5 

(±  0.5) 

8.5 

(-  0.3) 

8.3 

(-  0.1) 

R.  tsutsugamushi 

7.3 

1 + 

o 

N-/ 

7.3 

(-  0.3) 

7.1 

(*  0.1) 

Kato  strain 


PFU;  plaque  forming  units 
Standard  error  of  the  mean 


D.  Cloning  of  rickettsiae. 

Single  plaques  of  scrub  typhus  rickettsiae  were  recovered  with  a 
sterile  Pasteur  pipette  from  monolayers  evidencing  only  1-10  plaques/ 
dish  and  were  triturated  vigorously  in  tubes  containing  0.3  ml  cold 
BHI  broth.  These  suspensions  were  transferred  to  35  mm  dishes  (35 
X 10  mm.  Lux,  Microbiological  Associates)  containing  monolayers  of 
irradiated  L cells  at  a concentration  of  1.25  X 10°  cells/dish,  from 
which  the  growth  medium  had  been  removed.  After  adsorption  for  one 
hour  at  room  temperature,  fresh  growth  medium  was  added  and  the  dishes 
reincubated  at  34C.  Monolayers  were  observed  daily  for  signs  of 
rickettsial  infection  (granulation,  cytopathogenic  effect,  accumulation 
of  detached  cells  in  the  medium)  and  an  aliquot  of  cells  was  prepared 
for  staining  after  5-8  days  incubation.  Slides  were  fixed  in  methanol 
for  1 minute,  rinsed,  and  stained  with  Giemsa  stain  (Harleco,  Philadelphia 
Pennsylvania)  for  5 minutes.  When  a majority  of  the  cells  observed 
were  heavily  infected,  all  cells  were  resuspended  in  growth  medium 
using  a sterile  teflon  scraper  and  the  infected  cell  suspension  was 
transferred  to  a microchamber  assembly  (Dupont  Co.,  Instrument  Products 
Division,  Rockville,  Maryland)  and  blended  3 times  at  45,000  RPM  for 
15  sec.  An  aliquot  of  this  suspension  was  immediately  diluted  in 
ten-fold  increments  and  replaqued  using  the  method  described  above, 
while  the  remainder  of  the  suspension  was  frozen  at  -70C.  This  procedure 
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was  repeated  3 times,  with  each  plaque  recovery  made  from  monolayers 
containing  only  1-10  plaques.  The  final  seed  of  plaque  purified  rickett- 
siae  was  propagated  further  in  irradiated  L cell  monolayers  to  develop 
sufficient  material  for  storage.  This  technique  of  plaque  purification 
combined  with  terminal  dilution  was  utilized  to  obtain  clones  of  the 
three  classical  strains  of  scrub  typhus. 

Plaque  assay  of  R.  tsutsugamushi  in  chick  embryo  cells  (2)  resulted 
in  small,  indistinct  plaques  by  all  three  strains  after  17  days  incubation. 

Irradiated,  infected  L cell  monolayers  required  approximately  the  same 
incubation  period  for  plaque  development,  but  plaques  were  substantially 
more  distinct.  Previous  studies  comparing  the  sensitivity  of  the  plaque 
assay  in  chick  embryo  cells  and  the  mouse  assay  indicated  that  the  plaque 
technique  was  considerably  more  sensitive  than  the  mouse  ID  procedure. 

However,  the  authors  indicated  through  quotation  of  a personal  communi- 
cation (Elisberg)  that  the  strain  of  mice  employed  in  animal  testing, 
or  the  physiological  condition  of  the  rickettsiae,  may  have  affected 
their  results.  Our  studies,  using  irradiated  L cells  for  plaque  titrations 
and  ICR  mice  for  animal  titrations,  suggest  that  the  two  techniques  are 
very  similar  in  sensitivity  for  detecting  viable  scrub  typhus  rickettsiae. 

This  investigation  is,  to  our  knowledge,  the  first  report  of  plaque 
selection  to  enhance  homogeneity  of  populations  of  scrub  typhus  rickettsiae. 

Such  procedures  are  a necessary  prerequisite  for  antigenic  characterization 
of  these  organisms  and  may  increase  reliability  of  serological  tests. 

We  have  clearly  demonstrated  the  usefulness  of  an  irradiated  con- 
tinuous cell  line  in  the  plaquing  and  cloning  of  scrub  typhus  rickettsiae. 

In  addition,  L-929  cells  support  large,  well  defined  plaque  formation 
by  representative  members  of  the  spotted  fever  group  rickettsiae,  but 
typhus  group  organisms  produced  small,  indistinct  plaques.  The  behavior 
of  typhus  group  rickettsiae  in  irradiated  L cells  was  interesting,  because 
other  investigators  also  have  indicated  the  failure  of  R.  prowazekii  to 

I consistently  form  plaques  in  a mammalian  cell  line,  although  the  organism 

is  known  to  plaque  reproducibly  in  chick  embryo  cells.  The  reciprocal 
relationship  observed  between  L cell  density  and  plaque  diameter  of 
R.  tsutsugamushi  and  R.  conorii  also  has  been  seen  with  chick  embryo  cells 
infected  with  R.  typhi  or  R.  rickettsii  (4). 

III.  Isoelectric  focusing  of  scrub  typhus  rickettsia.  1 

Prior  annual  reports  from  this  laboratory  have  alluded  to  the  problem 
of  purification  of  scrub  typhus  organisms.  Last  year's  annual  report 
lists  a series  of  physical  and  chemical  methods  which  have  been  tried 
and  found  unsatisfactory. 

As  an  extension  of  this  work  we  have  tested  the  usefulness  of 
isoelectric  focusing  for  the  separation  of  host  material  from  scrub  typhus 
organisms.  This  technique  was  originally  described  in  1961  (5)  and 
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numerous  papers  since  that  time  have  attested  to  its  usefulness. 
Intrinsically  labelled  rickettsial  stocks  were  prepared  as  described 
in  last  year's  annual  report.  Unlabelled  stocks  were  prepared  in 
L cell  monolayers. 

Initial  experiments  used  columns  prepared  with  a pH  range  of 
3.5-10.  When  150  lambda  of  an  intrinsically  labelled  suspension  of 
the  Gilliam  strain  was  focused  for  48  hr  on  a 23  ml  0-56%  sucrose 
gradient  containing  1.8%  ampholines,  the  label  and  the  material  which 
absorbed  at  278  nm  both  focused  in  a 0.4  ml  fraction  near  the  acidic 
end  of  the  column.  This  indicated  that  a better  separation  would  be 
possible  with  a column  having  a narrower  pH  range  in  the  acidic  region. 
Therefore  the  ampholine  composition  was  changed  to  40%  ampholine  with 
a pH  of  2. 5-4.0,  40%  with  a pH  of  4. 0-6.0,  and  20%  with  a pH  of  3.5  to 
10.0.  The  results  of  electro focusing  a portion  of  the  same  suspension 
in  this  composition  of  column  is  shown  in  Fig.  3.  The  radioactivity 
was  centered  in  a narrow  band  at  pH  3.5,  but  the  OD  peak  did  not  com- 
pletely coincide  with  the  tritium  peak.  A significant  amount  of  OD 
absorbing  material  was  present  in  the  7 fractions  obtained  immediately 
following  the  ^H  peak.  Cold  carrier  focused  coincident  with  the 
radioactive  peak.  A column  run  subsequently  containing  only  sucrose 
and  ampholine  indicated  that  the  OD  absorbance  in  final  6 fractions 
was  probably  contributed  by  either  the  ampholine  or  the  sucrose.  0D 
readings  on  56%  sucrose  solution  indicated  that  the  sucrose  absorbed 
significantly  at  a wavelength  of  278  nm. 

The  four  fractions  from  the  prior  column  with  the  highest  radio- 
activity were  pooled  and  refocused  on  a column  containing  80%  ampholines 
with  a range  of  2.5  to  4.0  and  20%  with  a range  of  3.5  to  10.  These 
data  are  shown  in  Fig.  4.  The  counts  were  spread  over  a broad  area 
of  the  acidic  region  of  the  column  and  the  early  peaks  of  radioactivity 
were  well  separated  from  0D  peaks. 

Light  and  fluorescence  microscopy  of  the  peaks  from  these  columns 
indicated  that  the  peaks  from  the  initial  column  contained  large  amounts 
of  debris  which  stained  with  anti-L  cell  fluorescene  iso  thiocyanate 
(FITC)  labelled  globulin.  Fractions  33-35  of  the  second  column  contained 
many  rickettsia-like  bodies  and  little  if  any  debris.  Unfortunately, 
these  organisms  stained  with  the  FITC  labelled  anti-L  cell  globulin 
as  well  as  with  labelled  anti-rickettsial  globulin.  This  indicated 
that  the  rickettsia  were  closely  associated  with  host  cell  material. 

To  determine  whether  this  L-cell  material  would  focus  at  a different 
pH  if  it  was  freed  from  the  rickettsia,  L-cells  were  grown  in  the  presence 
of  amino  acids,  and  given  the  same  crude  purification  as  the  rick- 
ettsial pool.  These  L-cell  fragments  (no  intact  cells  were  seen 
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light  microscopy)  were  electrofocused  in  a 80%  pH  2. 5-4.0,  20%  pH 
3.5-10.0  gradient  (Fig.  5).  The  peaks  of  radioactivity  and  OD 
coincided  at  a pH  of  3.3.  This  was  close  to  the  pH  of  3.5  found  when 
rickettsia  of  L-cell  origin  were  electrofocused.  To  further  examine 
the  relationship  of  these  two  preparations  they  were  coisoelectrofocused. 
The  results  are  shown  in  Fig.  6.  As  can  be  seen  the  peak  counts  in 
each  preparation  occurred  in  the  same  fractions. 

We  felt  that  separation  of  the  L-cell  material  from  the  rickettsia 
would  be  impossible  without  altering  the  isoelectric  points  of  the 
materials.  Urea  has  been  used  to  dissociate  weakly  bound  protein 
complexes  and  thereby  alter  their  physical  properties.  If  these  altered 
molecules  exposed  different  sites  the  pH  of  the  molecules  might  change. 
Fig.  7 represents  the  same  L-cell  and  Gilliam  preparations  electrofocused 
in  a 80%  pH  2. 5-4.0  and  20%  pH  3.5-10.0  ampholine  column  which  was 
poured  with  a 0-56%  sucrose  gradient  and  a 2-4  M urea  gradient.  The 
peaks  coincide  but  occur  at  a pH  of  3.8.  The  urea  concentration  was 
increased  to  8M  throughout  the  column  without  appreciable  effecting  the 
results.  As  can  be  seen  by  comparing  Fig.  6 with  Fig.  7 the  presence 
of  urea  increased  the  apparent  isoelectric  point  of  the  major  peak  of 
radioactivity  from  pH  3.0  to  3.8. 

Triton  X-100  is  one  of  a series  of  nonionic  detergents  which  have 
been  used  to  fractionate  biological  materials.  For  this  reason  it  was 
incorporated  into  a series  of  columns  containing  2-4  M urea  gradients. 

Since  Triton  has  an  absorbance  spectrum  closely  approximating  that 
of  protein  (not  shown),  no  worthwhile  data  was  obtained  from  the  OD 
reading  of  Triton  containing  columns.  Both  0.2%  and  1.0%  concentrations 
were  used  with  equivalent  results.  Fig.  8 shows  the  results  of  a column 
containing  0.2%  Triton.  The  isoelectric  point  of  the  material  containing 
the  radioactive  label  was  at  pH  4.0  which  was  a modest  increase  from 
the  pH  of  3.8  seen  in  several  columns  containing  2-4  M urea  only. 

If  other  cell  substrates  suitable  for  the  growth  of  rickettsia  have 
peaks  of  radioactivity  at  pH  values  widely  separated  from  the  Gilliam 
strain,  the  rickettsia  and  host  material  might  be  more  easily  separated. 

To  investigate  this  possibility  radioactivity  labelled  Vero,  HeLa,  and 
LLC/MK2  cells  were  focused  on  columns  with  urea,  urea  and  Triton,  and 
on  columns  containing  only  ampholine.  The  results  were  analogous  to 
those  previously  described  i.e.  Urea  tended  to  increase  the  observed 
pH  values  but  additionally  it  decreased  the  number  of  peaks.  Triton 
had  little  observable  effect  other  than  the  absorbance  increase  previously 
mentioned.  For  these  reasons  only  representative  results  will  be  shown. 

In  a column  without  Triton  or  urea,  Vero  cells  had  a peak  of  radioactivity 
at  pH  3.3  (Fig.  9).  HeLa  cells  had  two  peaks  at  pH's  of  4.0  and  3.3 
(Fig.  10).  In  a column  containing  1%  Triton,  LLC/MK2  cel's  had  radio- 
activity peaks  at  pH's  of  3.3  and  3.6  (Fig.  11).  From  these  data  it 
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was  arbitrarily  decided  to  coisoelectric  focus  HeLa  cell  material  and 
the  standard  radioactive  labelled  Gilliam  suspension.  The  results  are 
shown  in  Fig.  12.  The  major  peaks  of  radioactivity  coincided  at  a pH 
of  4.1,  and  the  largest  minor  peaks  at  a pH  of  3.8. 

From  these  data  we  have  concluded  that  the  purification  of  scrub 
typhus  from  host  components  in  isoelectric  focusing  columns  with  or 
without  urea  or  urea  plus  Triton  was  not  possible.  The  apparent  iso- 
electric point  of  the  organism  was  very  close  to  that  of  the  major  cell 
components  of  the  mammalian  cells.  It  is  possible  that  the  rickettsia 
are  intimately  coated  with  a membrane  of  host  cell  material  at  the  time 
they  are  released  from  the  cell.  Higashi  (6)  published  electron  micro- 
graphs which  suggest  this.  If  this  is  the  case  the  chances  of  purifying 
scrub  organisms  free  of  host  cell  material  by  any  mechanical  or  gentle 
chemical  method  seems  remote.  However,  the  coisoelectrophoresis  experi- 
ments presented  here  indicate  that  there  is  an  additional  difficulty 
in  the  attachment  of  host  cell  material  to  rickettsia.  In  coisoelectric 
focusing  we  never  saw  a radioactive  peak  of  rickettsia  which  was  not 
coincidental  with  a peak  of  cell  protein.  Even  when  the  materials  are 
mixed  in  the  column  they  solidly  attach  to  each  other  and  are  not 
separated. 

No  further  experiments  involving  isoelectric  focusing  for  the 
separation  of  intact  rickettsia  from  host  cell  material  are  planned. 
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Figure  3.  Isoelectric  focusing  of  semipurified  preparation 
of  the  Gilliam  strain  of  R.  tsutsugamushi  in 
a 23  ml  column  containing  1.8%  ampholines 
pH  2.5  - 4.0,40%,  pH  4. 0-6.0,  40%  and  pH 
3.5-10.0,  20%.  Electrofocusing  was  carried 
out  at  4C  with  the  voltage  controlled  at  700  V 
for  48  hr.  The  column  was  then  fractionated  in 
0.4  ml  amounts.  0 — 0 pH;  □ — CD  0D  at 
278  nm;  0 — 0 tritium  counts;  A — A C counts. 

These  are  used  on  all  remaining  figures.  The 
Gilliam  strain  was  tritium  labelled  in  all  of 
the  experiments. 
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Figure  4. 
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Isoelectric  focusing  of  fractions  45-49  of  the  column 
represented  in  Fig.  3.  Ampholine  consisted  of  80%  with 
a pH  of  2. 5-4.0  and  20%  with  a pH  of  3.5-10.0.  Other 
experimental  conditions  constant. 


. Isoelectric  focusing  of  a semipurif led  preparation  of 

L-cells.  Experimental  conditions  were  the  same  as  Fig.  4. 
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Figure  6.  Coisoelectric  focusing  of  the  Gilliam  strain  and  a L-cell 
preparation.  Experimental  conditions  were  the  same  as 
Fig.  4. 
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Figure  7.  Coisoelectric  focusing  of  the  Gilliam  strain  and  a L-cell 
preparation  in  a column  containing  a 2-4  M urea  gradient. 
Other  experimental  conditions  were  the  same  as  Fig.  4. 
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Figure  8.  Isoelectric  focusing  of  the  Gilliam  strain  in  a column 
containing  a 2-4  M urea  gradient  and  1%  Triton  X-100. 
Other  experimental  conditions  were  the  same  as  Fig.  4. 
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Figure  9.  Isoelectric  focusing  of  a Vero  cell  preparation. 

Experimental  conditions  were  the  same  as  Fig.  4. 


Figure  12. 


Coisoelectric  focusing  of  the  Gilliam  strain  and  a 
HeLa  cell  preparation  in  a column  containing  2-4  M 
urea.  Other  experimental  conditions  were  the  same 
as  Fig.  4. 
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23  (U)  To  elucidate  the  cardiovascular  and  peripheral  muscular  system  responses  to 
simulated  changes  that  occur  during  shock  and  resuscitation.  To  evaluate  basic  hemo- 
dynamics of  the  coronary  artery  system.  These  studies  relate  to  systemic  acid-base 
derangements  that  frequently  occur  in  combat  casualties.  Increasing  our  understanding 
of  the  mechanisms  which  control  coronary  hemodynamics  could  lead  to  better  treatment 
modalities . 

24  (U)  Studies  have  been  designed  in  a canine  model  which  can  selectively  determine  the 
influence  of  systemic  parameters  on  myocardial  blood  flow  and  oxygen  consumption  using 
autologous  blood  (blood  previously  drawn  from  the  animal)  and  an  extracorporeal  cir- 
culatory system.  Conscious,  chronically  instrumented  dogs  were  used  to  study  coronary 
blood  flow  under  a variety  of  conditions. 

25  (U)  76  10  - 77  09.  The  influence  of  acid-base  changes  on  myocardial  function  has 
been  further  defined.  These  studies  demonstrate  some  of  the  differences  in  doing 
studies  in  the  intact  animal  as  opposed  to  isolated  heart  preparations.  An  acid  pH  is 
detrimental  to  myocardial  oxygen  consumption  and  cardiac  work  in  the  intact  animal. 
Coronary  venous  pressure  was  found  to  be  an  important  determinant  of  coronary  blood  flow 
by  increasing  the  effective  coronary  back  pressure.  Resting  flow  coronary  resistance  is 
[not  increased  by  ventricular  systole  if  aortic  perfusion  pressure  is  sufficient  to 
recruit  all  vessels  perfused  during  diastole. 

For  technical  report  see  Walter  Reed  Array  Institute  of  Research  Annual  Progress  Report 
1 Jul  76  - 30  Sept  77. 
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Project  3A161101A91C  IN-HOUSE  LABORATORY  INDEPENDENT  RESEARCH 
Task  00  In-House  Laboratory  Independent  Research 


Work  Unit  200  Cardiac  performance  in  by-pass  surgery  (Physiologic  responses 
of  the  cardiovascular  and  peripheral  muscular  systems  to 
resuscitation) 

Investigators 

Principal:  LTC  Arthur  W.  Fleming,  MC 
Associate:  COL  Ronald  F.  Bellamy,  MC 

I.  The  Influence  of  Systemic  pH  on  Cardiac  Hemodynamics. 


A.  Statement  of  the  problem.  To  determine  the  degree  of  redistribution 
of  systemic  and  coronary  blood  flow,  changes  in  systemic  and  myocardial 
oxygen  consumption,  and  alterations  in  cardiac  function  that  occur  secondary 
to  metabolic  and  respiratory  acidosis  and  alkalosis. 

B.  Background.  Massive  tissue  trauma  and  hypotension  which  might  be 
found  in  battle  casualties  are  often  associated  with  acidosis  due  to  the 
accumulation  of  fixed  anions  in  the  blood.  Acute  ventilatory  impairment 
may  also  occur  in  severe  trauma  cases  and  lead  to  a respiratory  acidosis. 
Efforts  at  resuscitation  may  further  exaggerate  existing  acid-base  changes. 
Massive  blood  transfusions  may  initially  lead  to  a systemic  acidosis, 
followed  by  a systemic  alkalosis  due  to  citrate  metabolism.  The  over-use 
of  ventilatory  support  may  lead  to  a respiratory  alkalosis.  The  effects 

of  severe  acid-base  changes  on  the  heart  are  not  completely  understood. 

C.  Experimental  Approach.  An  extracorporeal  circulatory  system  was 
devised  to  accomplish  the  following:  The  entire  circulatory  volume  in  an 
intact  dog  could  be  controlled  on  a minute  to  minute  basis;  the  sympatho- 
adrenal system  could  be  maintained  intact  or  separated  from  the  coronary 
circulation;  coronary  blood  flow  and  oxygen  consumption  could  be  easily 
measured  without  manipulation  of  the  coronary  arteries,  and  the  heart  rate 
and  work  could  be  controlled  so  that  experimental  animals  were  comparable 
to  each  other. 

D.  Results  and  Discussion.  When  the  pH  was  decreased  to  7.0  + 1,  a 
marked  increase  in  coronary  blood  flow  occurred  without  a concommitant 
increase  in  oxygen  consumption.  Myocardial  contractility  progressively 
decreased  with  increasing  acidosis.  Systemic  vascular  resistance  increased 
with  acidosis,  whereas  coronary  vascular  resistance  decreased  at  the  same 
degree  of  acidosis.  Alkalosis  (pH  7.55  + 0.07)  caused  an  increase  in 
coronary  blood  flow  with  a concommitant  increase  in  oxygen  consumption  and 
contractility.  Systemic  vascular  resistance  also  decreased  during  alkalosis. 
It  is  postulated  that  acidosis  interferes  with  the  utilization  of  oxygen 

so  that  despite  an  increase  in  coronary  blood  flow,  there  is  relative 
hypoxia  of  the  myocardium.  Although  the  myocardium  was  more  stable  with 
alkalosis,  the  relative  benefits  versus  side-effects  of  alkalosis  are  yet 
to  be  determined. 


E.  Conclusions  and  Recommendations.  Changes  in  systemic  pH  influence 


cardiac  hemodynamics  significantly.  A considerable  amount  of  investigative 
work  is  required,  however,  in  defining  the  precise  role  of  neurogenic 
factors  and/or  humoral  factors. 

II.  Muscle  Surface  pH 

A.  Statement  of  the  Problem.  To  evaluate  muscle  surface  pH  as  an 
index  of  cardiac  output,  peripheral  tissue  perfusion  and  acid-base  status. 

B.  Background . A technique  for  measuring  surface  hydrogen  ion 
activity  (expressed  as  pH)  is  currently  available.  The  assertion,  however, 
that  muscle  surface  pH  is  an  index  of  tissue  perfusion  and  systemic  acid- 
base  status  has  not  been  supported  by  actual  measurements  of  blood  flow 

to  the  involved  muscle. 


C.  Experimental  Approach.  A Swan-Ganz  thermister  catheter  was  inserted 
into  the  pulmonary  artery  by  way  of  a jugular  vein  for  measuring  cardiac 
output.  Femoral  arterial  blood  flow  was  measured  electromagnetically  and 
the  muscle  surface  pH  of  the  same  extremity  was  continuously  monitored. 
Arterial  and  venous  samples  were  also  measured  for  pH,  PO  and  PCO  . Dogs 
were  bled  small  increments  ( 3-5 %)  of  their  estimated  blooa  volume  on  multiple 
occasions  while  monitoring  the  parameters  listed  above. 

D.  Results  and  Discussion.  A decrease  in  muscle  surface  pH  occurred 
20-30  minutes  before  changes  in  systemic  arterial  pH  and  5-10  minutes 
before  venous  pH  changes  when  slow,  progressive  hemorrhaging  was  carried 
out.  Technical  problems  with  contamination  of  the  surface  of  the  pH  probe 
with  pooled  (stagnant)  blood  has  continued  to  be  a problem  and  is  further 
complicated  by  the  loose  skin  of  the  canine  model  being  used. 

E.  Conclusions  and  Recommendations.  The  muscle  surface  pH  probe 
still  holds  promise  as  a potential  devise  for  routine  monitoring  of  severely 
injured  patients.  Because  of  the  loose  skin  in  a dog,  a different  species 
of  animal  may  be  required.  The  bovine  species  is  being  considered  as  a 
potential  model  since  the  morphology  of  its  skin  more  closely  approximates 
that  of  humans. 

III.  The  Calculation  of  Coronary  Vascular  Resistance 


Statement  of  the  Problem.  To  reevaluate  the  classical  method 


of  calculating  coronary  vascular  resistance  in  view  of  the  concept  of  a 
vascular  bed  showing  a critical  closing  pressure. 

B.  Background.  The  calculation  of  vascular  resistance  (R)  depends 
upon  knowing  the  pressure  gradient  causing  blood  flow  (F).  The  forward 
pressure  is  clearly  arterial  pressure  (P)  and  the  back  pressure  is  usually 
taken  to  be  the  outflow  or  venous  pressure  (Pv).  By  the  classical 
definition,  the  resistance  that  controls  coronary  flow  is  calculated  as 


(P-Pv)F  . In  1963  Permutt  and  Riley  published  a theoretical  study  of 
Burton's  concept  of  the  critical  closure  phenomenon  in  which  they  suggested 
that  the  classical  definition  would  not  be  applicable  to  a vascular  bed 
showing  a critical  closing  pressure.  Specifically  they  examined  the 
question  of  how  flow  would  be  effected  when  vasomotor  tone  created  a 
pressure  collapsing  the  vessel  that  exceeded  the  outflow  pressure.  They 
showed  that  under  such  circumstances  the  relation  between  pressure  and 
flow  was  such  that  flow  stopped  at  a pressure  (Pf=0)  determined  by 
vasomotor  tone  and/or  extramural  compression.  If  this  was  true,  resistance 
would  be  calculated  as  (P-Pf=0)F“l. 

C.  Experimental  Approach.  A conscious  instrumented  dog  model  was 
used  to  compare  the  coronary  vascular  resistance  calculated  in  the  classical 
way  (back  pressure  Pv)  with  resistance  calculated  with  the  assumption  that 
flow  is  controlled  by  a different  mechanism  (back  pressure  Pf=0)*  Resistance 
was  calculated  for  resting  flow  and  peak  reactive  hyperemia,  the  latter 
being  taken  as  the  minimal  resistance  of  the  vascular  bed.  Coronary 
vascular  resistance  changes  during  hemorrhagic  shock  were  also  studied. 

D.  Results  and  Discussion.  Resistance  calculated  as  (P-Pv)F  ^ 
increases  during  hemorrhage  at  the  same  time  that  resistance  calculated 
as  (P-Pf=o)F~l  is  falling.  The  minimal  resistance  of  the  vascular  bed 
(peak  reactive  hyperemia)  calculated  as  (P-Pv)F~l  progressively  increases 
if  a proximal  stenosis  is  present  and  becomes  five  times  the  value  found 
in  the  unstenosed  vascular  bed.  The  minimal  resistance  calculated  for 

the  vascular  bed  as  (P-Pf=0)F~l  is  not  changed  by  the  presence  of  a proximal 
stenosis.-' 


E.  Conclusions  and  Recommendations.  A critical  evaluation  of  the 
theoretical  basis  of  coronary  vascular  resistance  is  indicated  in  that  these 
studies  clarify  the  concept  that  the  vascular  resistance  of  a maximally 
dilated  vascular  bed  remains  low  if  a proximal  stenosis  is  created,  rather 
than  increasing  as  was  calculated  by  the  classical  formula  (P-Pv)F~l. 

IV . Relationship  of  Diastolic  Coronary  Pressure  to  Flow  Relations 

A.  Statement  of  the  Problem  and  Background.  The  relationship  between 
pressure  and  flow  is  of  fundamental  importance  in  understanding  the  hemo- 
dynamics of  a vascular  bed.  In  comparison  with  other  vascular  beds,  the 
relationship  between  pressure  and  flow  in  the  coronary  circulation  is 
modified  by  two  factors:  (l)  throttling  of  flow  during  each  heart  beat, 
and  (2)  predominate  local  control  manifested  in  rapid  autoregulation  of 
flow  to  changing  pressure.  The  current  model  offered  a unique  opportunity 
to  study  diastolic  coronary  pressure  flow  relations  in  a more  physiologic 
state  than  previously  reported. 

B.  Experimental  Approach.  The  conscious,  chronically  instrumented 
dog,  in  a semibasal  state  with  a slow  resting  heart  rate  was  used.  Coronary 
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pressure  flow  relations  were  measured  during  the  diastoles  of  individual 
beats  in  the  resting  state  and  then  after  flow  was  increased  by  reactive 
hyperemia  and  infusion  of  adenosine. 

C.  Results  and  Discussion.  Corona*/  pressure  flow  relations  were 
described  by  a family  of  lines;  diastolic  flow  being  a linear  function 
of  aortic  pressure.  Zero  flow  pressure  interrupts  were  estimated  by 
extrapolation  and  found  to  vary  between  20-55  mm  Hg  depending  upon  the 
magnitude  of  flow. -*->2 

D.  Conclusions  and  Recommendations.  On  the  basis  of  these  studies, 
when  systolic  pressures  drops  to  60-70  mm  Hg  and  diastolic  pressures  of 
40-50  mm  Hg,  coronary  blood  flow  may  be  markedly  diminished  even  in  the 
presence  of  normal  coronary  arteries.  Although  mild  degrees  of  hypotension 
are  ususally  thought  to  be  tolerated  fairly  well,  it  is  postulated  that 
even  short  periods  of  hypotension  may  lead  to  irreversible  ischemic  changes. 
Further  studies  are  required  to  confirm  this. 

V.  Development  of  a Practical  Autologous  Blood  Transfusion  Program 

A.  Statement  of  the  Problem.  To  develop  a self-perpetuating  method 
to  help  conserve  national  blood  resources. 

B.  Background.  The  need  to  conserve  national  blood  resources  even 

in  peacetime  is  becoming  increasingly  apparent.  The  frequent  low  inventories 
following  holidays  in  many  cities  and  the  drain  on  blood  bank  stores 
created  by  dramatic  increases  in  the  number  and  complexity  of  surgical 
procedures  made  it  necessary  to  develop  practical  alternatives  to  existing 
practices  of  donor  recruitment.  Although  only  three  percent  of  eligible 
blood  donors  in  the  United  States  donate  blood,  there  is  a large  untapped 
reservoir  of  potential  blood  donors  in  the  patient  population.  However, 
since  a normal,  healthy  volunteer  who  is  free  of  medical  or  surgical 
diseases  can  donate  only  one  unit  of  blood  every  eight  weeks,  and  must 
have  a hematocrit  of  41$,  different  criteria  had  to  be  established  for 
patients . 

C.  Experimental  Approach.  Every  patient  undergoing  an  elective  surgical 
procedure  was  a potential  candidate.  A qualified  surgeon  discussed  the 
concept  of  donating  blood  with  each  patient.  If  the  patient  was  accepted 
into  the  program,  an  informed  consent  form  had  to  be  signed  by  the  patient 

or  his/her  legal  guardian.  Blood  was  then  donated  and  collected  according 
to  American  Association  of  Blood  Bank  Standards  and  preserved  as  whole 
blood,  fresh  frozen  plasma,  packed  cells  or  frozen  packed  cells. 

D.  Results  and  Discussion.  Patients  donated  one  to  10  units  of  blood 
over  a highly  variable  period  of  time.  The  freezing  of  red  blood  cells  and 
plasma  components  made  it  possible  to  completely  individualize  phlebotomy 
schedules  and  offers  a potential  source  for  future  conservation  of  national 


blood  resources.  Patients  who  donated  blood  for  their  own  operation 
markedly  decreased  the  dra„n  on  blood  bank  stores  and  also  reduced  some 
of  the  logistical  problems  in  obtaining  certain  blood  types. 5 

E.  Conclusions  and  Recommendations.  Careful  monitoring  of  high  risk 
patients  has  demonstrated  that  most  patients,  even  those  with  significant 
coronary  artery  disease,  can  safely  predeposit  most  or  all  of  the  blood 
necessary  for  their  own  elective  operation.  The  adoption  of  the  techniques 
that  we  have  outlined  will  add  significantly  to  having  larger  reserves 
of  blood  products  for  any  future  military  conflicts  as  well  as  for  civilian 
emergencies . 
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23  (U)  To  define  the  role  of  fibrin  deposition  and  fibrinolysis  in  wound  healing, 
tendai  healing,  adhesion  formation  and  vascular  thrombosis.  Such  studies  may  produce 
insights  into  the  general  mechanisms  of  wound  healing,  over  which  there  is  currently 
no  control.  Understanding  and  control  of  the  wound  healing  process  would  dramatically 
reduce  morbidity  and  disability  of  wounded  soldiers. 

24  (U)  The  effect  of  Bunnel  Figure  8 sutures  on  the  surface  plasminogen  activator 
activity  of  profunda  tendon  within  the  digital  theca  was  studied.  Rhesus  monkeys  were 
subjected  to  intrathecal  repair  of  lacerated  digital  flexor  tendons.  Half  of  the 
animals  received  ancrod,  and  the  other  animals  served  as  controls. 

25  (U)  76  10  - 77  09.  Bunnel  suture  is  a potent  cause  of  restrictive  tendon  adhesions 
and  should  be  abandoned  in  favor  of  available  techniques  less  traumatic  to  the  tendon. 
Ancrod  offers  little  promise  of  clinical  usefulness  in  the  prevention  of  the  "no  glide" 
phenomenon  following  tenorrhaphy. 

For  technical  report  see  Walter  Reed  Army  Institute  of  Research  Annual  Progress  Report 
1 July  76  - 30  Sept  77. 
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Principal:  MAJ  Robert  F.  Buckman,  Jr.,  MC 
I.  Fibrinolysis  - Tendon  Wounds 

A.  Background  and  Statement  of  the  Problem.  The  fibrinolytic  activa- 
tor system  is  a cascading  enzyme  system  which  is  found  in  tissues  of  meso- 
thelial  origin.  Plasminogen,  an  inactive  precursor  molecule,  is  converted 
by  activators  contained  within  tissue  and  blood  to  plasmin,  an  active  lytic 
endopeptidase  which  attacks  and  degrades  fibrin  and  fibrinogen.  This  sys- 
tem is  important  in  (1)  maintanence  of  vascular  patency  by  the  removal  of 
fibrin  depositions  which  occur  throughout  daily  activity  and  (2)  in  wound 
healing  by  molding  and  structuring  the  original  fibrin  deposits  so  that 
they  can  be  absorbed  and  replaced  by  normal  tissue.  The  absence  of  fibrino- 
lysis in  the  vascular  system  is  known  to  predispose  to  vascular  thrombosis. 
Decreased  levels  of  tissue  activator  may  lead  to  hypertrophic  wound  healing 
and  significant  adhesion  formation.  Because  of  evidence  that  fibrin  and 
fibrinolysis  may  have  a role  in  both  normal  and  pathological  wound  healing 
processes,  studies  of  the  healing  of  tendon  wounds  were  made  to  determine 
whether  fibrinolysis  played  a role  in  pathologic  tendon  adhesion  formation. 

Failure  of  tendon  glide,  caused  by  restrictive  post-operative  adhesions, 
continues  to  prohibit  the  primary  repair  of  lacerated  intrathecal  digital 
flexor  tendons,  and  constitutes  a major  unsolved  problem  in  hand  surgery. 
Although  the  pathogenesis  of  tendon  adhesion  formation  is  poorly  understood, 
it  is  known  that  some  adhesions  are  necessary  to  supply  the  vascular  and 
cellular  elements  which  heal  tendon  lacerations.  The  tendon  itself  possesses 
little,  if  any,  intrinsic  tenoblastic  activity. 

The  effect  of  the  most  commonly-used  technique  of  tendon  repair  was 
studied  with  reference  to  the  mechanism  of  adhesion  formation.  Of  particu- 
lar interest  was  the  effect  of  tendon  sutures  on  the  plasminogen  activator 
system,  which  may  be  a regulator  of  local  scarring. 

B.  Experimental  Approach.  Fibrinolysis  has  been  strictly  quantitated 
in  this  laboratory  by  the  perfection  of  the  fibrin  slide  and  plate  techniques 
of  Astrup  and  associates.  Fibrin ->ly tic  activator  is  quantitated  by  the  place- 
ment of  tissues  or  euglobulin  extracts  of  tissues  on  fibrin  plates,  with 
determination  of  the  subsequent  zones  of  lysis  after  18  hours  incubation  at 
37°C.  Plasminogen  is  differentiated  from  plasmin  activity  by  utilizing  plates 
which  had  been  heated  at  80°  for  15  minutes.  Fibrin  slides  are  utilized 

with  a semi -quantitative  localization  of  fibrinolytic  activator  activity. 

For  the  first  time , a technique  for  the  identification  of  inhibitors  of  the 
fibrinolytic  system  has  been  developed  in  this  laboratory.  The  technique 
consists  of  placing  a biopsies  of  tissues  suspected  of  possessing  fibrino- 
lytic inhibitors  around  a tissue  biopsy  possessing  a known  activator 
activity  and  measuring  resultant  zones  of  inhibition  of  lysis. 
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The  effect  of  Bunnell  Figure  8 sutures  on  the  surface  plasminogen 
activator  activity  of  profunda  tendon  within  the  digital  theca  was  studied, 
using  the  method  described  above.  Serial  histologic  sections,  specially 
stained  for  fibrin  cells  collagen  were  used  to  correlate  in  vitro  plasmin- 
ogen activator  activity  with  in  vivo  healing. 

C.  Results  and  Discussion.  Bunnell  suture  of  an  otherwise  un- 
injured tendon  was  found  to  be  associated  with  significant  depression 
of  local  plasminogen  activator  activity,  and  with  coagulation  necrosis 
of  the  sutured  area  of  tendon.  Failure  of  the  local  plasminogen  activator 
system  is  associated  with  persistence  and  eventual  fibrous  organization 
of  fibrin  locally  deposited  as  the  result  of  operation. 

Bunnell  suture  is  itself  a potent  cause  of  restrictive  tendon 
adhesions,  and  probably  should  be  abandoned  in  favor  of  available 
techniques  less  traumatic  to  the  tendon. ^ 

II.  Tendon  Wounds 


A.  Background  and  Statement  of  the  Problem.  The  observation  that 
repair  of  digital  flexor  tendons  produced  restrictive  post-operative 
adhesions  by  causing  failure  of  the  local  plasminogen  activator  system 
and  allowing  the  persistence  and  organization  of  fibrinous  exudates,  led 
to  an  attempt  to  decrease  adhesions  by  limiting  local  fibrin  deposition. 

B.  Experimental  Approach.  Rhesus  monkeys  were  subjected  to 
intrathecal  repair  of  lacerated  digital  flexor  tendons.  Half  the  animals 
received  the  defibrinogenating  agent  ancrod  post-operatively , in  doses 
which  maintained  systemic  afibrinogenemia  for  96  hours  after  operation. 
Half  of  the  animals  received  no  ancrod.  Three  weekd  post-operatively, 
work  of  flexion  of  operated  fingers  from  ancrod-treated  and  control 
animals,  and  the  breaking  strength  of  tendon  anastomoses  from  both  groups, 
were  measured  on  an  Instron  tensiometer.  Serial  histologic  sections  of 
operated  fingers  of  treated  and  untreated  animals  were  also  obtained  at 

3 weeks . 


C.  Results  and  Discussion.  In  operated  fingers  of  ancrod-treated 
animals,  work  of  flexion  was  significantly  reduced  compared  to  operated 
fingers  of  untreated  controls.  A significant  decrease  in  tendon  anastomosis 
breaking  strength  was  also  observed  in  ancrod-treated  animals.  Work  of 
flexion  and  anastomotic  breaking  strength  were  found  to  be  proportional, 
both  in  the  treated  and  untreated  groups  analyzed  separately  and  for  the 
combined  groups.  Histology  revealed  that  adhesions  to  the  sutured 
region  of  tendons  had  not  been  completely  prevented  by  the  regimen  of 
ancrod  used,  nor  was  evidence  seen  of  pathologic  hematoma-seroma  formation 
in  fingers  of  treated  animals.  It  was  concluded  that  short-term  ancrod 
def ibrinogenation  reduced  the  adhesive  restriction  of  tendon  glide  following 
tenorrhaphy,  but  that  this  effect  was  attended  by  a proportional  reduc- 
tion in  the  strength  of  tendon  healing.  The  regimen  of  ancrod  used  in 
the  present  study  appears  to  offer  little  promise  of  clinical  usefulness. 


in  the  prevention  of  the  "no  glide"  phenomenon  following  tenorrhaphy. 

A Linear  relationship  appears  to  exist  between  the  resistance  to  tendon 
glide,  as  measured  by  work  of  flexion,  and  anastomotic  breaking  strength, 
prior  to  digital  mobilization.  This  relationship  makes  it  likely  that 
agents  such  as  ancrod,  which  improve  tendon  glide  after  tenorrhaphy  by 
non-selectively  inhibiting  scar  formation,  may  not  decrease  resistance 
to  glide  without  proportionally  decreasing  the  strength  of  healing  of 
tendon  anastomoses.^ 
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23  (U)  The  objective  of  this  work  unit  is  to  characterize  the  immune  mechanisms 
involved  in  the  host  response  to  the  trypanosomes,  to  characterize  the  antigens 
responsible  for  induction  of  immunity,  and  to  investigate  the  feasibility  of 
immunoprophylaxis  against  these  militarily  important  diseases. 

24  (U)  The  approach  is  to  develop  systems  in  experimental  animals  and  in  culture  for 
measurement  of  the  effects  of  immune  stimulation  and  effectors  on  the  development  of 
these  diseases.  Emphasis  is  on  an  analysis  of  the  composition  of  the  antigens  involved 
in  the  induction  of  immunity. 

25  (U)  76  10-77  09  In  vitro  studies  of  the  interaction  of  antibody  with  Trypanosoma 
rhodesiense  indicate  the  participation  of  normal  splenocytes  in  non  complement  depen- 
dent killing.  Multiple  antigenic  types  of  a recent  human  isolate  have  been  obtained 
in  clones;  antigen  has  been  extracted  from  each  and  specific  antibody  prepared.  This 
line  of  research  is  being  transferred  to  work  unit  083.  For  technical  report  see 
Walter  Reed  Army  Institute  of  Research  Annual  Progress  Report,  1 July  1976  - 30 
September  1977. 
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1.  The  Transfer  of  Protection  against  Trypanosoma  rhodesiense  by 
specific  mouse  spleen  cell  populations. 

A.  Objective:  The  objective  of  these  experiments  was  to  investi- 
gate some  aspects  of  protection  to  T.  rhodesiense  infection  trans- 
ferred with  unfractionated  immune  mouse  spleen  cells  from  hyper- 
immune donors  and  with  specifically  enriched  spleen  cell  popula- 
tions. 

B.  Description:  Inbred  C57BL/6J  mice  were  hyperimmunized  by  a 
regimen  of  five  weekly  injections  each  consisting  of  1 x 10'  gamma 
irradiated  T.  rhodesiense  (Wellcome  strain)  per  mouse.  Immune 
spleen  cells  were  taken  from  these  mice  7 days  after  the  last  in- 
jection. For  some  experiments  immune  spleen  cells  were  sepa- 
rated by  adherence  to  plastic  and  characterized  by  particle  latex 
phagocytosis. 

Non-plastic  adherent  fractions  were  treated  by  iron  carbonyl 
and  density  centrifugation  before  fractionation  into  B-  and  T-  en- 
riched cell  populations  by  immunoabsorbent  column  chromatography. 
Cells  were  characterized  by  the  presence  of  surface  immunoglobulin. 

C.  Progress:  Mice  receiving  five  innoculations  of  1 x 10^  irradiat- 
ed trypanosomes  were  immune  to  challenge  infections  of  200  trypa- 
nosomes. Spleen  cells  from  these  hyperimmune  mice  were  used 
for  the  following  studies: 

The  first  experiments  were  designed  to  determine  if  immune 
spleen  cells,  could  protect  recipient  mice  against  trypanosome  infect- 
tion  and  how  many  spleen  cells  were  needed  to  protect.  As  shown 
in  figure  1 at  least  25  x 10° immune  spleen  cells  were  needed  to  protect. 
Normal  spleen  cells  did  not  protect.  Mice  in  these  first  experi- 
ments were  challenged  with  trypanosomes  seven  da?  s after  receiving 
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cells.  In  the  next  series  of  experiments  the  time  course  of  protection  trans- 
ferred by  immune  spleen  cells  was  determined.  More  specifically  the 
questions  of  how  soon  after  receiving  immune  cells  can  protection  be  con- 
firmed and  how  long  after  receiving  immune  cells  does  protection  last 
were  addressed.  As  shown  in  figure  2 mice  that  were  infected  one 
or  two  days  before  receiving  70  x 10°  immune  spleen  cells  died  when 
challenged  with  200  trypanosomes.  Mice  given  immune  spleen  cells  on 
the  same  day  as  receiving  the  trypanosome  infection  only  lived  two  days 
longer  than  the  control  mice  receiving  normal  spleen  cells.  However, 
when  immune  spleen  cells  were  given  one  day  prior  to  infection,  the 
mice  were  protected  from  the  trypanosome  challenge.  This  protection 
was  viable  for  21  days  after  receiving  the  immune  spleen  cells. 

The  first  two  series  of  experiments  showed  that  immune  spleen  cells, 
from  hyperimmune  mice  that  had  received  five  injections  of  irradiated 
trypanosomes,  protected  recipient  mice  from  a homologous  trypanosome 
challenge.  The  next  group  of  experiments  were  designed  to  describe 
the  type  of  spleen  cell  responsible  for  transferring  protection.  Spleen 
cells  were  separated  into  macrophage  enriched  cell  population,  by  ad- 
herence to  plastic,  and  into  T enriched  cell  populations  and  B-enriched 
cell  populations  by  goat  anti -mouse  gamma  globulin  immunoabsorbent  co- 
lumn chormatography. 

Large  numbers  of  macrophages  were  not  obtainable  by  the  experimen- 
tal methods  used.  As  indicated  in  figure  3,  the  transfer  of  protection  by 
macrophages  was  only  50%  successful  when  7 x 10°  cells  were  used. 
The  question  still  remains  unanswered  as  to  whether  more  macrophages 
would  convey  protection. 

Fewer  B-enriched  spleen  cells  were  needed  to  transfer  protection. 
As  shown  in  figure  4,  as  few  as  5 x lO^cells  transferred  solid  immunity 
to  trypanosome  challenge  infections.  However,  no  protection  was  obtained 
when  as  many  as  54  x 10^  T-enriched  spleen  cells  were  transferred  as 
indicated  in  figure  5. 

Discussion:  Spleen  cells  from  mjee  made  hyperimmune  to  T. 

rhodesiense by  5 weekly  injections  of  lx  10°irradiated  trypanosomes  trans- 
ferred  protection  to  a trypanosome  infection  in  all  recipient  mice.  It 
appears  that  B-enriched  spleen  cell  transfer  the  protection  probably  by 
the  production  of  specific  anti-trypanosomal  antibody  in  the  recipient 
mouse  T-enriched  spleen  cells  populations  did  not  transfer  protection. 
The  partial  protection  observed  by  the  transfer  of  7 x 10°  macrophage 
enriched  cells  is  interesting  because  if  the  transfer  of  protection  was 
due  to  the  B- cell  contaminants  this  indicates  that  B-cells  and  macrophages 
transfer  protection  better  than  B-cells  alone  do.  More  studies  are  needed 
in  this  area. 


Spleen  Cells  Transferred  X 10 


Figure  1 

Spleen  cells  from  mice  receiving  a regimen  of  five  weekly  injections  of 
1 x 107  gamma  irradiated  T.  rhodesiense  per  mouse  were  transferred  to 
recipient  mice.  Seven  days  after  receiving  the  cells  recipient  mice  were 
challenged  with  was  200  homologous  trypanosomes.  The  day  of  death  after 
challenge  was  recorded  as:  O death-immune  cell  recipients;  ■ -alive 
immune  cell  recipient  • -death-normal  recipient. 


TIME  COURSE  OF  PROTECTION  TRANSFERRED 
BY  SPLEEN  CELLS 
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Figure  2 

The  time  course  of  protection  transferred  by  immune  spleen  cells 
as  determined  by  giving  70  xlOimmune  spleen  cells  lor  2 days  after  in- 
fecting with  200  trypanosomes,  giving  the  cells  on  the  same  day  as  the 
infection,  or  giving  the  cells  1,2,7,  14  or  21  days  prior  to  infecting 
with  trypanosomes.  Protection  to  the  trypanosome  infection  was  ob- 
served when  immune  spleen  cells  were  given  one  day  prior  to  infecting 
P:otection  was  viable  21  days  after  receiving  the  cells. 


TRANSFER  OF  PROTECTION  AGAINST  T.  RMOOESIENSE 
BY  MACROPHAGE  ENRICHED  SPLEEN  CELLS 


Figure  3 

Macrophages  were  separated  from  immune  spleen  cells  by  adhe- 
rence to  plastic.  Macrophages  were  90-93%  viable,  16-21%  immuno- 
globulin positive  70-7  3%  positive  for  latex  particle  ingestion.  Low  num- 
bers of  macrophages  were  recovered  by  the  adherence  to  plastic  method. 
The  transfer  of  protection  against  T.  rhodesiense  by  the  macrophage 
enriched  spleen  cell  population  was  only  50%  successful  when  7 x 10° 
cells  were  used. 
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TRANSFER  OF  PROTECTION  AGAINST  T.  RHOPESIENSE 
BY  B-ENRICHED  SPLEEN  CELLS 
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B-ENRICHEO  SPLEEN  CELLS  TRANSFERRED  X 10* 


Figure  4 

B-enriched  spleen  cells  were  obtained  by  passing  non-plastic  ad- 
herent,  iron  carbonyl  treated,  density  centrifugation  treated  spleen  cells 
over  a Sephadex  G-200  immunoabsorbent  column.  Column  adherent  cells 
were  eluted  from  the  columnby  normal  mouse  serum.  B-enriched  spleen 
cells  were  68-75%  positive  for  surface  immunoglobulin,  98.2%  viable 
and  less  than  2%  of  the  cells  ingested  latex  particles.  A minimum  of 
5 x 10b  B-enriched  spleen  cells  was  needed  to  transfer  protection. 


Figure  5 

T- enriched  spleen  cell  populations  were  obtained  from  non-plastic  ad- 
herent spleen  cells  that  were  treated  with  iron  carbonyl  and  density 
centriguation  before  being  passed  over  an  immunoabsorbent  Sephadex 
G-200  column.  The  T-  enriched  spleen  cells  did  not  adhere  to  the 
column.  These  cells  were  10%  positive  for  surface  immunoglobulins 
and  were  86%  viable. 
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II  Mechanisms  of  Immunity  in  African  trypanosomiasis 


A.  Objective;  These  studies  were  designed  to  help  define  the  im- 
mune mechanisms  involved  in  resistance  to  Trypanosoma  rhode- 
siense  infections. 

B.  Description: 

Both  antibody  and  cellular  responses  can  be  elicited  by  immuni- 
zation or  infection  with  African  trypanosomes.  In  mice,  resistance 
to  T.  rhodesiense  and  T.  gambiense  canbe  transferred  with  serum 
or~B  but  not  T cells  from  immune  donors  to  normal  recipients.  Con- 
genitally athymic  (nude)  mice  are  as  resistant  as  litter  mate  controls 
to  infection  with  T.  rhodesiense  and  can  be  effectively  immunized. 
These  observations  suggest  that  B cells  and  their  products  are  im- 
portant in  the  development  of  resistance  in  mice,  to  infection  with 
trypanosomes.  However,  a contribution  of  T lymphocyte  effector 
mechanisms  in  this  resistance  cannot  be  excluded.  In  mice,  T lym- 
phocyte sensitization  to  trypanosome  antigens  has  been  demonstra- 
ed  by  both  assays  for  in  vitro  blastogenesis  in  response  to  trypano- 
some antigen  and  delayed  type  hypersensitivity  (footpad  swelling). 

In  order  to  determine  if  T cells  could  have  an  effector  role 
in  the  absence  of  antibody  during  infection  with  T.  rhodesiense,  B 
cell  deprived  mice  were  used.  These  mice  were  treated  from  birth 
with  goat  antibody  to  mouse-p  chain  (p  suppression)  to  antigens, 
gens,  while  leaving  allograft  rejection,  helper  T cell  function,  GVH 
reactivity,  and  in  vitro  T cell  mitogen  and  mixed  lymphocyte  culture 
responses  intact.  Also,  an  adoptive  spleen  cell  transfer  system  was 
used  to  determine  the  relative  T and  B cell  contribution  to  the 
long  term  resistance  to  challenge  seen  in  immunized  animals. 

C.  Progress; 


1.  Studies  on  the  Development  of  Resistance  to  T\  rhodesiense. 

a.  Course  of  infection  in  control  or  p-suppressed  mice.  Five 
p suppressed  male  C57B1/6J  mice  and  five  age  and  sex  matched 
control  mice  injected  from  birth  with  NGS  (globulin  Fraction)  were 
infected  by  i.p.  injection  of  1(£  T.  rhodesiense  organisms.  The  results 
(Fig.  6)  indicated  a significant  (p  < .01,  Student's  t-test)  increase 
in  susceptibility  of  p - suppressed  mice  to  infection  with  trypanosomes 
The  mean  time  of  death  for  the  p -suppressed  mice  as  14.6  + 1.6 
(S.E.)  days  or  compared  to  31.8  + 3.4  days  for  control  mice.  Although 
the  rate  of  appearance  of  parasites  in  the  p-suppressed  mice  was  de- 
layed, the  mice  failed  to  reduce  the  peak  of  parasites  and  died  after 
a persistently  high  (3.  5X1CP  organisms/ml)  parasitemia. 
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In  contrast,  all  control  mice  reduced  the  first  peak  of  parasitemias 
to  undetectable  levels  (<10  organisms/ml),  but  succumbed  to  subsequent 
waves  of  parasitemia. 


b.  Course  of  infection  with  T.  rhodesiense  in  mice  exposed  to  900 
R before  infection^  II  fj. -suppressed  mice  were  completely 
deficient  in  immunity  to  trypanosomes  and  the  growth  of  the  organisms 
was  not  limited  by  other  factors,  the  parasites  might  have  been  expected 
to  increase  logrithmically  until  the  day  of  death  without  the  plateau 
of  parasitemia  which  occurred  beginning  on  day  6 after  infection.  The 
plateau  of  parasites  could  possibly  indicate  a small  degree  of  resistance 
conferred  by  T lymphocytes  in  the  p-suppressed  mice.  To  test  whether 
this  plateau  would  be  observed  in  mice  made  inmmunodeficient  by  ir- 
radiation, C57B1/6J  mice  were  irradiated  and  then  infected  with  T. 
rhodesiense. 


COURSE  OF  INFECTION  OF  TRYPANOSOMA  RhODESIENE  (EATRO  1886) 
IN  NORMAL  GOAT  SERUM  AND  GOAT  ANTI,.  TREATED  MICE 


DAYS  AFTER  INFECTION 


Figure  6 Geometric  mean  parasitemia  in  p -suppressed  (anti-p  ) or 

control  (normal  goat  serum  treated,  NGS ) mice  after  i.p.  injection 

of  106  T.  rhodesiense  organisms.  Each  point  represents  the  geometric 
mean  parasitemia  of  five  mice  + the  standard  error. 
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Control  mice  or  mice  subjected  to  900  Ft  total  body  irradiation  24  hrs 
previously  were  injected  i.p.  with  lCr  T.  rhodesiense  organisms.  The 
results  (Figure  7)  again  showed  a plateau  of  organisms  reached  by 
day  4 after  infection  in  the  irradiated  mice.  Control  mice  had  reduced 
their  parasites  to  undetectable  levels  (1CP  organisms /ml)  by  day  6.  The 
parasitemia  began  to  increase  again  in  control  mice  (not  shown)  by 
day  10  as  in  the  previous  experiment.  Even  when  immunocompetenre 
of  mice  was  reduced  by  lethal  total  body  irradiation,  the  logrithmic  rate 
of  increase  in  parasite  numbers  did  not  continue  beyond  day  3 after 
infection.  This  suggests  that  the  plateau  of  parasites  was  probably  not 
due  to  an  immunologically  mediated  host  response. 


c . The  effect  of  immunization  on  infection  of  control  and  p -sup- 
pressed mice!  Four  control  or  four  p -suppressed  mice  (age  matched 
and  of  random  sex)  were  injected  i.p.  with  10? irradiated  EATRO  1886 
organisms  seven  days  before  i.p.  injection  of  lO^live  trypanosomes. 
The  results  (Fig.  8)  confirmed  those  resulted  shown  previously  (Fig. 
6)  and  indicated  that  prior  immunization  with  irradiated  organisms  had 
no  effect  in  the  p -suppressed  mice  on  the  development  of  parasitemia 
after  challenge  with  viable  organisms.  Control  mice  that  had  been  im- 
munized with  irradiated  organisms  did  not  develop  detectable  circulating 
parasites  after  challenge  with  live  organisms. 

2 . Studies  on  the  response  to  challenge  of  T.  rhodesiense  immunized 
animals 

a.  Antibody  production  in  response  to  challenge.  Mice  immunized 
with  60  KR  irradiated  cloned  trypanosomes  of  the  Wellcome  strain  were 
used  as  donor  mice  in  adoptive  spleen  transfer  system.  This  transfer 
system  was  designed  to  allow  the  measurement  of  a secondary  antibody 
response,  by  the  transferred  spleen  cells,  in  the  recipient  animal. 

Spleen  cells  were  taken  from  donor  C57BL/6  mice  at  .arious  times 
after  primary  immunization  with  1 x 10'  irradiated  Wellcome  organisms. 
These  spleen  cells  were  washed,  counted,  and  50  x lCr  transferred  to 
each  syngenic  recipient.  The  recipient  mice  had  received  100  rads 
of  total  body  gamma  radiation  immediately  prior  to  the  cell  transfer. 
At  two  hours  after  receiving  spleen  cells  from  either  immune  or  normal 
donors,  recipient  mice  were  given  lx  103  irradiated  Wellcome  organisms 
i.p.  This  dose  of  trypanosome  antigen  had  previously  been  found  to 
elicit  a secondary  but  not  a measurable  primary  antibody  response. 
Serum  antibody  titers  were  measured  in  the  recipient  mice  at  seven  days 
after  the  cell  transfer  by  a direct  agglutination  test  using  live  irradiated 
Wellcome  trypanosomes.  The  results  are  shown  in  figure  9. 

A low  level  of  antibody  was  detectable  in  the  recipients  of  five  day 
immune  cells.  The  antibody  produced  increased  with  time  and  peaked  in 
recipients  of  20  day  immune  spleen  cells.  Cells  taken  at  longer  times 
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COURSE  OF  INFECTION  OF  TRYPANOSOMA 
RHODESIENSE  (EATRO  1886)  IN  NORMAL  OR 
IRRADIATED  (900R)  MICE 
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DAYS  AFTER  INFECTION 


Figure  7.  Geometric  mean  parasitemia  in  normal  ( ) or  irradiated 

(900R  ) mice  after  i.p.  injection  of  10^  _T.  rhodesiense  organisms. 

Each  point  represents  the  geometric  mean  parasitemia  of  five  mice  + 
the  standard  error.  Mice  were  injected  24  hrs  after  irradiation. 


EFFECT  OF  PRETREATMENT  WITH  IRRADIATED  TRYPANOSOMA 
RHODESIENSE  ORGANISMS  ON  INFECTION  WITH  TRYPANOSOMA 
RHODESIENSE  IN  NGS  OR  ANTI,,  TREATED  MICE 


o NGS.  IRRADIATED  ORGANISMS 

• ANTIm 

O ANTIMl  IRRADIATEO 

ORGANISMS 


DAYS  AFTER  INFECTION 


Figure  8.  Effect  of  pretreatment  of  \x- suppressed  (anti-u)  or  con- 
trol 7 (NGS)  miceewith  10 ' irradiated  trypanosomes  seven  days  before 
challenge  with  10  3 live  organisms.  Geometric  mean  parasitemias  of 
four  mice  per  group  are  shown  for  nonimmunized  ( ■ NGS,  • anti-p) 
mice  or  mice  immunized  with  irradiated  trypanosomes  (oNGS,  o anti-^) 


after  primary  immunization  yielded  essentially  the  same  level  of  anti- 
body. Although  not  shown  here  control  mice  receiving  only  immune 
cells  and  no  antigen,  produced  no  detectible  antibody.  Also  mice  receiv- 
ing normal  spleen  cells  plus  antigen  had  no  detectable  antibody. 

b.  Resistance  to  challenge  in  adoptive  spleen  cell  transfer.  Mice 
having  received  spleen  cells  from  normal  or  immunized  mice,  as  des- 
cribed above,  were  challenged  at  24  days  with  1 x 1(£  live  Wellcome  try- 
panosomes. The  course  of  resistance  to  challenge  is  shown  in  figure  10 
as  the  percent  survival  of  each  group  challenged.  Only  partial  protection 
was  seen  in  mice  receiving  either  five  or  ten  day  immune  spleen  cells, 
whereas  mice  receiving  20  day  or  beyond  immune  cells  showed  100% 
protection  to  challenge.  No  significant  resistance  to  challenge  was 
seen  in  recipients  of  immune  cells  and  no  antigen. 

c.  Lymphocyte  subpopulations  active  in  the  response  to  challenge 

In  order  to  determine  the  relative  contribution  of  T and  B lympho- 
cytes to  long  term  immunity,  nylon  wool  fractionated  spleen  cells  were 
used  in  the  adoptive  transfer  system  described  in  the  previous  sections. 

Spleen  cells  taken  from  mice  immunized,  three  to  four  months 
previously  with  1 x lu  irradiated  trypanosomes  of  the  Wellcome  strain, 
were  fractionated  by  the  nylon  wool  technique  as  previously  described. 
Recipient  mice  were  given  50  x 10  6 unfractionated,  T enriched  or  B 
enriched  spleen  cells.  As  before  the  cell  transfer  transfer  was  followed 
at  two  hours  by  an  i.p.  injection  of  1 x 106  irradiated  Wellcome  try- 
panosomes. As  shown  in  figure  11  mice  receiving  unfractionated  or 
T enriched  spleen  cells  had  comparable  antibody  levels  while  mice  re- 
ceiving B enriched  cells  had  significantly  lower  levels  of  antibody. 
Animals  receiving  only  immune  cells  and  no  secondary  dose  of  antigen 
had  no  detectable  antibody. 

D.  Discussion: 

The  course  of  infection  induced  by  T.  rhodesiense  was  examined  in 
C57BL/6J  mice  which  had  been  treated  with  goat  antiserum  directed 
against  p heavy  chains  and  which  were  thus  deficient  in  B lymphocytes. 
On  challenge  with  the  organisms  control  ammals  treated  with  normal 
goat  serum  exhibited  first  a peak  and  then  a spontaneous  decline  in  para- 
sitemias; in  contrast,  the  B cell  deficient  animals  exhibited  no  such 
spontaneous  remission.  Furthermore,  B cell  deficient  mice  died  earlier 
than  control  mice.  Immunization  with  irradiated  organisms  induced 
complete  resistance  to  infection  in  controls  but  not  in  the  B cell  de- 
ficient animals. 

These  findings  have  demonstrated  the  necessity  of  B cell  effector 
mechanisms  for  resistance  to  African  trypanosomiasis.  There  was  no 
evidence  for.  any  T cell  effector  mechanism  in  the  absence  of  antibody. 
However,  the  adoptive  transfer  studies  using  nylon  wool  fractionated 
spleen  cells  implicate  T cells,  at  least  in  a helper  capacity  in  the  res- 
ponse of  immunized  mice  to  challenge. 
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TIME  COURSE  OF  SECONDARY  RESPONSIVENESS 
IN  ADOPTIVE  SPLEEN  CELL  TRANSFER 


Figure  9. 

Time  course  of  secondary  responsiveness  in  adoptive  spleen  cell 
transfer.  The  antibody  response  to  1 x 10 irradiated  trypanosomes  is 
shown  in  mice  which  received  50  x 10  ° spleen  cells  from  donors 
immunized  at  various  times  prior  to  cell  transfer.  The  bars  repre- 
sent the  mean  log2  agglutination  titers  + standard  error. 


Ill  Antibody-Dependent  Cell-Mediated  Cytotoxicity  Against  the  Circu- 
lating Blood  Stage  of  Trypanosome  rhodesiense. 

A.  Objective;  The  objective  was  to  design  in  vitro  experiments  in 
order  to  determine  if  antibody  dependent  cellular  (At)CC)  cytotoxicity 
against  the  trypomastigote  stage  of  TA  rhodesiense  could  be  mediated 
by  mouse  spleen  cells. 

B.  Description:  Resistance  to  T.  rhodesiense  has  been  transferred 

by  immune  serum  and  by  B- lymphocytes  from  immune  donors.  Try- 
panosomes coated  with  specific  antibodies  lyse  when  complement  is 
present.  However,  when  trypanosomes  are  incubated  with  antibody 
and  subsequently  inoculated  into  mice  that  are  genetically  C-5  deficient 
or  that  have  been  depleted  of  late  complement  components  by  prior 
treatment  with  cobra  venom  factor,  no  infection  occurs,  indicating  a 
mechanism  of  resistance  to  trypanosome  infection  that  appears  to 
be  complement  independent.  Sucn  a mechanism  of  resistance  is  sug- 
gestive of  ADCC  against  trypanosomes. 

We  have  developed  a 3H  leucine  release  technique  to  test  for  in  vitro 
cytotoxicity  to  trypanosomes.  The  release  of  previously  incorporated 
H leucine  was  used  to  detect  cytotoxicity  to  the  trypanosome.  In  brief, 
trypanosomes  were  incubated  at  37  C for  2 hrs  with  H leucine  (10  ci/ml) 
in  a mixture  of  equal  volumes  of  5%  glucose  and  leucine-free  medium 
199.  Trypanosomes,  after  three  washings  were  incubated  for  2 hrs 
at  37  C,  5%  CO 2 in  400  pi  microcentrifuge  tubes  with  normal  mouse 

serum  or  immune  mouse  serum  ( five  weekly  injections  of  1 x 10  ' ir- 
radiated trypanosomes  per  mouse)  heated  at  56  C for  30  minutes  with 
or  without  complement  (guinea  pig  serum  stored  at  -70  C).  Two  hun- 
dred and  ten  pi  of  a mixture  of  serum  and/or  leucocytes  and  1 x 1C£  try- 
panosomes made  up  each  reaction  mixture.  Each  tests  was  performed 
in  triplicate.  After  the  two  hour  incubation  microcentrifuge  tubes  were 
centrifuged  (1000  x G)  for  four  minutes  and  50  pi  of  the  supernatant  was 
placed  on  a filter  paper  disc,  dried  and  counted  using  a Packard  liquid 
scintillation  spectrometer.  The  total  amount  of  leucine  was  determined 
by  drying  1 x Krtrypanosomes  directly  on  the  paper  disc.  Distilled  wat- 
er lysis  of  trypanosomes  was  considered  to  induce  maximal  leucine  re- 
lease. Spontaneous  leucine  release  was  estimated  after  incubation  in. 
normal  mouse  serum.  The  percentage  of  trypanosome  cytotoxicity  was 
determined  by  the  formula; 

Experimental  leucine  release  - spontaneous  leucine  release  x 100 
Maximal  leucine  release  -spontaneous  leucine  release 

Statistical  significance  was  determined  by  using  the  Student's  t test  and 
and  the  null  hypothesis  was  rejected  when  values  of  P were  less  than 
0.05. 

C.  Progress:  In  figure  12,  the  percent  cytotoxicity  of  trypanosomes 
induced  by  normal  mouse  spleen  cell  plus  immune  serum  or  normal 
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spleen  cells  is  shown.  There  was  no  cytotoxicity  of  trypanosomes 
when  normal  cells  plus  normal  serum  were  used,  but  in  the  presence 
of  immune  serum  a significant  increase  in  cytotoxicity  was  observed 
in  all  (except  the  10:1)  spleen  cell  to  trypanosome  ratios.  A 20:1  spleen 
cell  to  trypanosome  ratios  appeared  to  be  the  best  for  future  experi- 
ments. We  next  examined  the  role  of  immune  mouse  spleen  cells  and 
the  role  of  complement  on  in  vitro  cytotoxicity  of  trypanosomes  again 
represented  as  the  percentage  leucine  release.  As  was  seen,  figure  12 
and  figure  13  show  a significant  increase  in  the  percentage  of  cytotoxicity 
to  trypanosomes  when  incubated  with  normal  spleen  cells  and  immune 
serum.  Immune  spleen  cells,  however,  did  not  significantly  change  the 
percentage  of  cytotoxicity  to  trypanosomes  incubated  with  or  without 
immune  serum  as  compared  to  that  observed  with  normal  spleen  cells. 
The  addition  of  complement  to  the  incubation  mixtures  did  not  consis- 
tently result  in  increased  cytotoxicity  under  the  conditions  employed. 

It  thus  appears  that  in  vitro  cytotoxicity  of  trypanosomes,  as  mea- 
sured in  our  system,  "cToes  not  occur  with  immune  (sensitized)  spleen 
cells  alone  even  though  these  same  mice  have  enough  antibody  in  their 
serum  to  mediate  ADCC.  Furthermore,  complement  does  not  appear 
to  augument  the  degree  of  in  vitro  ADCC. 

D.  Discussion: 

These  experiments  have  established  that  antibody  dependent  cellular 
cytotoxicity  is  mediated  against  T.  rhodesiense  by  mouse  spleen  cells 
when  the  trypanosome  is  incubateB  in  vitro  with  an  homologous  antibody. 
The  addition  of  complement  did  not  consistently  result  in  increased 
cytotoxicity.  Immune  (sensitized)  mouse  spleen  cells  did  not  mediate 
cytotoxicity  without  immune  serum  present  and  even  when  in  the  presence 
of  immune  serum  did  not  significantly  increase  the  cytotoxicity  above 
that  observed  with  normal  spleen  cells  and  immune  serum.  Future 
studies  are  designed  to  identify  the  cell  types  that  mediate  the  ADCC  and 
to  identify  the  class  or  subclass  of  antibody  responsible  for  directing  the 
ADCC. 

IV  Isolation  and  purification  of  protective  antigens  from  T.  rhodesiense 

A.  Objective:  The  purpose  of  this  study  was  to  explore  an  additional 
method  of  extract  preparation  as  as  a source  material  for  antigens  and 
to  provide  a methodology  for  identifying  and  isolating  protective  antigens 
and  to  provide  a methodology  for  identifying  and  isolating  protective  anti- 
gens responsible  for  variant  specificity. 

B.  Description:  The  method  of  Cross  for  preparing  soluble  trypanoso- 
mal  protein  extracts  was  chosen  for  study  because  it  involved  several 
procedural  steps  that  appeared  to  provide  a stable  source  material  from 
which  additional  isolation  procedures  could  be  carried  out.  Analyses 
of  the  crude  extracts  were  accomplished  by  the  use  of  analytical  iso- 
electric focusing  in  thin  layer  acrylamide  gels  and  the  separated  protein 
components  were  identified  by  Coomassie  brilliant  blue  (R250)  staining. 
Monitoring  of  the  antigens  was  done  either  by  immunoelectrophoresis 
or  by  immunodiffusion  in  agarose  using  sera  obtained  by  immunization 
with  irradiated  live  organisms,  soluble  extracts  and  antigen  antibody 
complexes  developed  by  immunodiffusion  in  agarose. 


C.  Progress:  Four  major  peaks  were  obtained  by  DEAE -cellulose 
chromatography  using  Cross'  method  for  preparing  antigen  extracts. 
The  breakthrough  peak  designed  as  Cross'  antigen,  contained  the  bulk 
of  the  antigen  activity  although  occassional  reactivity  was  observed  in 
Peak  III  with  some  antisera.  Comparison  of  Cross'  antigen  with  KCL 
extracts  and  21  hour  saline  extracts  indicated  that  it  was  comparable  in 
activity  to  KCL  extracts  and  both  were  approximately  twice  as  reactive 
as  saline  extracts.  Isoelectrofocusing  on  thin  layer  acrylamide  gels 
showed  a number  of  major  components  with  pi's  ranging  from  8. 2-9. 3. 
Immunodiffusion  of  the  isoelectrofocused  bands  in  agarose  with  anti- 
sera derived  from  the  same  organisms  produced  precipitin  band  cor- 
responding to  a protein  with  a pi  of  8.8  for  peak  three  organisms  (TT. 
rhodesiense  Wellcome  strain,  CP3  B5  ) and  a pi  of  9.1  for  Peak  two 
organisms  (TT.  rhodesiense,  Wellcome  strain,  CP„AJ.  Antisera  ob- 
tained from  animals  injected  with  the  precipitin  antigem  - antibody  com- 
plex protected  those  mice  challenged  with  the  same  variant.  No  pro- 
tection was  obtained  when  antisera  from  a different  variant  wras  used. 

D.  Discussion: 

The  preparation  of  soluble  extracts  of  rhodesiense  by  the  method 
of  Cross  provided  a suitable  source  of  protective  antigens.  Evidence  was 
provided  to  show  that  a protein  identified  by  immunoassay  as  a precipitin 
band  was  also  a protective  antigen  in  that  antisera  developed  against  the 
purified  antigen  passively  protected  mice  and  was  variant  specific. 

V.  Immediate  hypersensitivity  reactions  in  trypanosomiasis: 

A.  Objective:  A previous  annual  report  demonstrated  that  basophils 
from  rabbits  infected  with  TT.  rhodesiense  when  incubated  with  specific 
antigen,  degranulated  and  released  their  stores  of  histamine.  These 
earlier  results  also  showed  that  the  amount  of  platelet  activating  factor 
(PAF),  as  demonstrated  by  histamine  release  from  normal  platelets, 
was  limited.  These  studies  were  again  initiated  to  determine  if  a true 
immediate  hypersensitivity  reaction  involving  basophils,  eosinophils  and 
platelets,  with  the  subsequent  release  of  pharmacologically  active  me- 
diators, occurs  during  trypanosomiasis.  The  first  objective  of  this  study 
was  to  monitor  the  hematological  changes  that  occur  during  T.  rhode- 
siense infection  in  rabbits.  Emphasis  was  placed  on  those- cells- In- 
volved in  immediate  hypersensitivity  reactions,  namely  basophils,  eo- 
sinophils and  platelets. 

B.  Description:  Three  rabbits  were  injected  intravenously  with  10^ 
T\  rhodesiense  Wellcome  strain.  Each  rabbit  was  then  bled  approxi- 
mately  every  other  day  for  70  days  after  infection.  Three  control  rabbits 
not  injected  with  organisms,  were  treated  exactly  the  same  as  the  infect- 
ed animals.  Direct  counts  of  basophils,  eosinophils  and  platelets  were 
done  on  each  bleeding  from  each  rabbit.  For  ease  of  comparison,  the 
results  of  the  three  infected  and  three  control  rabbits  were  averaged. 
It  should  be  noted  that  individual  rabbits  generally  showed  the  same  pat- 
tern changes  as  the  averages. 


TIME  COURSE  OF  RESISTANCE  TO  LIVE  CHALLENGE 
IN  ADOPTIVE  SPLEEN  CELL  TRANSFER 


Figure  10. 


Resistance  to  live  challenge  in  the  adoptive  secondary  spleen  cell 
transfer.  The  percent  30  day  survival  after  live  challenge  is  shown  for 
mice  having  received  50  x l(r  spleen  cells  from  normal  or  immuniz- 
ed donors  and  1 x 103  irradiated  trypanosomes  as  a second  dose  of  anti- 
gen. 


ANTIBODY  PRODUCTION  IN  RECIPIENTS  OF 
NYLON  WOOL  FRACTIONATED  SPLEEN  CELLS 
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Figure  11.  Antibody  production  in  recipients  of  nylon  wool  fractionated 
spleen  cells.  The  mean  log  antibody  titer  + standard  error  is  shown 
for  mice  receiving  the  indicated  spleen  cell  population  either  with  or 
without  a secondary  dose  of  1 x 10  irradiated  trypanosomes. 
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MOUSE  SPLEEN  CELL  TO  TRYPANOSOME  RATIO 


Figure  12 

The  percentage  cytotoxicity  (represented  as  mean  percentage  leu- 
cine release)  of  trypanosome  in  normal  mouse  serum  Q — ~~—0  and  in 

hyperimmune  mouse  serum  •_ • when  incubated  with  ratios  of 

normal  mouse  spleen  cells  to  the  trypanosomes  of  from  1:1  to  100:1. 
The  cytotoxicity  of  water  lysis  of  the  trypanosomes  for  these  experiments 
was  13.7%  of  the  total  leucine  release  by  drying  trypanosomes  on  filter 
paper  disc.  Vertical  bars  represent  the  range.  The  cytotoxicity  observ- 
ed with  immune  sera  and  normal  spleen  cells  was  statistically  significant 
in  all  cell  to  trypanosome  ratios  except  the  10:1  ratio  which  was  signi- 
ficant at  the  0. 5 level. 
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TABLE  I 


Percent  Changes  in  Basophils,  Eosinophils  and  Platelets  that 
Occur  during  Trypanosomiasis 


Days  CONTROL  RABBITS  INFECTED  RABBITS 

Post 

Infection  Basophils  Eosinophils  Platelets  Basophils  Eosinophils  Platelets 
2 +TE75 +ZUTT +TT7T +¥77 ^I¥75 


4 

-21.7 

+ 56.9 

+103.7 

+1.3 

-81.0 

-49.4 

7 

-27.6 

+44.1 

+85.0 

-1.8 

68.7 

+12.  9 

9 

-24.  2 

-38.1 

+122. 2 

+28.7 

-89.9 

-40.4 

11 

-33.4 

-20.3 

+152.3 

-10.9 

-94.9 

-31.3 

16 

+2.4 

-33.6 

+9.4 

-30.4 

-87.7 

-41.2 

18 

0 

-8.6 

+53.1 

-25.7 

-85.0 

-24.9 

21 

+2.6 

-5.4 

+71.3 

-18.4 

-77.3 

-26.  5 

23 

+ 3.2 

+10.1 

+36.9 

+ 5.7 

-64.6 

-13.4 

25 

+29.2 

+11.6 

+81.1 

-3.5 

-77.2 

+30.6 

28 

-15.4 

+3.6 

+41.8 

-22.2 

-89.  6 

+22.4 

30 

+1.  3 

+19.1 

+28.1 

+25.6 

-84.2 

+33.6 

32 

-21.8 

+5.6 

+22.4 

+45.5 

-72.  9 

-9.3 

35 

-35.0 

+7.8 

+10.6 

-11.6 

-76.3 

-31.1 

38 

-11.4 

-55.2 

+31.5 

-40.0 

-85.  9 

-9.9 

42 

-14.4 

-18.4 

+69.7 

+33.8 

-79.7 

+38.6 

45 

-15.6 

+12.4 

+78.3 

+16.1 

-59.7 

+131.4 

49 

+10.0 

+3.7 

+15.8 

+22.  3 

-43.  9 

+32.4 

52 

-28.4 

+2.4 

+68.7 

+56.7 

-22.3 

+52.3 

56 

+4.3 

+8.6 

+33.0 

+16.1 

+39.  2 

+32.8 

59 

-10.  9 

+23.6 

+24.0 

+43.4 

+39.4 

+58.  5 

64 

+10.2 

+1.4 

+33.1 

+52.3 

-6.3 

+90.8 

67 

-16.2 

-13.9 

+6.  5 

+82.9 

+25.9 

+39.  5 

71 

+23.2 

+14.7 

+92.2 

+66.9 

-19.1 

+9.9 
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Figure  13 

The  percentage  cytotoxicity  ( represented  as  mean  percentage  leu- 
cine release)  of  trypanosomes  incubated  in  normal  mouse  serum  with 
m or  without  CD  complement  and  in  hyperimmune  mouse  serum  with 
or  without  £23  complement.  Water  lysed  trypanosome  represented  the 
rnaximal  leucine  release.  Vertical  bars  represent  the  range  over  six 
experiments.  Significantly  more  leucine  was  released  from  trypano- 
somes incubated  in  immune  serum  and  normal  spleen  cells  as  compared 
with  serum  and  no  cells  ( P 0.0  5%).  Also  immune  spleen  cells  mediat- 
ed a significant  leucine  released  with  immune  serum  ( P 0.05%)  when 
compared  with  immune  serum  and  no  cells.  The  ratio  of  mouse  spleen 
cells  to  trypanosomes  was  20:1. 


C.  Progress:  The  results  of  the  hematological  changes  that  occurred 
in  infected  rabbits  during  trypanosomiasis  are  listed  in  Table  I.  Al- 
though the  data  show  considerable  variation,  there  are  a number  of 
patterns  that  are  apparent.  First,  the  most  striking  change  occurred  in 
the  percentage  of  eosinophils  in  the  infected  rabbits.  There  was  a sub- 
stantial and  persistant  decrease  in  the  number  of  eosinophils  compared 
to  the  noninfected  rabbits  throughout  most  of  the  infection.  Second 
the  percent  fluctuation  in  the  number  of  basophils  from  non- infected 
and  infected  groups  were  not  different  early  in  the  infection,  however, 
there  was  a definite  increase  in  the  number  of  basophils  in  the  infected 
rabbits  late  in  the  infection.  Third,  there  was  a decrease  in  the  number 
of  platelets  in  the  infected  animals  in  the  early  part  of  the  infection 
and  in  the  latter  part  of  the  infection  there  was  an  increase  in  the 
number  ofplatelets.  The  non-infected  rabbits  consistently  demonstrat- 
ed an  increase  in  the  number  of  platelets. 

D.  Discussion: 

The  most  surprising  results  of  this  study  was  the  substantial  de- 
crease in  the  number  of  eosinophils  and  the  lack  of  persistent  throm- 
bocytopenia the  infected  rabbits.  It  is  not  clear  at  this  time  if  the 
eosinopenia  that  develops  in  these  rabbits  is  related  to  trypanoso- 
miasis. There  are  many  conditions  -stress,  chronic  inflammation 
and  hormone  changes -that  are  associated  with  eosinopenia. 

VI.  Isolation  and  Characterization  of  a new  serodeme  of  Trypano- 
soma rhodesiense 

A.  Objective  This  work  was  designed  to  develop  techniques  and  re- 
agents  for  further  epidemiological,  entomological  and  immunological 
studies  of  _T.  rhodesiense. 

B.  Description:  Much  of  the  research  work  in  trypanosomiasis  has 
involved  the  use  of  laboratory  strains  of  T.  rhodesiense  with  somewhat 
nebulous  histories.  These  strains  have  been  maintained  in  the  labora- 
tory, often  by  serial  passage  for  several  years  since  their  isolation 
from  a naturally  infected  host.  Many  workers  have  reported  changes  in 
several  characteristics  of  particular  trypanosome  isolates  after  labora- 
tory passage,  i.e.,  infectivity  chronicity,  morphology  and  major  anti- 
genic type.  Based  on  these  findings,  it  was  suggested  that  established 
laboratory  strains  would  not  be  optimum  for  further  immunization  and 
transmission  studies.  Also  these  strains  would  have  limited  value  for 
epidemiological  studies  in  currently  endemic  areas.  Therefore,  an  iso- 
late of  T.  rhodesiense  was  obtained  from  an  infected  patient  in  the  Lam- 
bwe  V alley  of  Kenya  to  provide  the  starting  material  for  further  studies. 
This  new  isolate  was  handled  in  a manner,  that  based  on  current  know- 
ledge would  help  preserve  it's  original  characteristics.  The  number 
of  laboratory  passages  was  limited  through  the  use  of  frozen  stabilates 
as  a source  of  infectious  material  rather  than  constant  passage  in  ani- 
mals. The  passage  required  were  performed  in  lethally  irradiated  ani- 
mals to  preclude  any  immune  response  to  the  parasites.  Also  the 
trypanosomes  were  cloned  to  provide  relatively  homogenous  organisms 
for  study. 
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Antisera  was  prepared  to  surface  antigens  of  individual  clones  for 
use  in  an  indirect  flourescent  antibody  assay.  This  assay  provided  a 
sensitive  techniques  for  the  detection  of  organisms  of  a known  antigenic 
type. 

C.  Progress: 

1.  Development  of  trypanosome  clones.  The  original  isolate  of  try- 
panosomes  used  in  these  studies  was  obtained  from  a patient  with  rho- 
desian  type  trypanosomiasis  in  the  Lambwe  Valley  of  Kenya.  Blood  from 
a rat  infected  with  organism  from  this  patient  was  used  to  form  the 
initial  stabilate.  This  frozen  material  was  transferred  to  WRAIR 
where  it  was  cloned  from  mouse  passage.  Cloning  was  achieved  through 
the  injection  of  mice  with  single  trypanosomes  obtained  by  direct  micro- 
scopic selection.  Serial  whole  blood  passage  was  performed  at  four 
day  intervals  using  900R  irradiated  mice  until  the  parasitemia  was  pa- 
tent. At  this  point  stabilates  were  prepared  and  stored  at  -70  C for 
future  use  as  infectious  material.  In  order  to  obtain  trypanosomes  of 
many  antigenic  types  and  also  to  investigate  the  course  of  infection 
with  this  parasite  in  laboratory  animals,  a chronic  infection  was  started 
in  mice  using  one  of  the  above  clones. 

Nine  C57  BL/6J  mice  were  infected  each  with  1x10  trypanosomes 
given  intraperitonally.  A chronic  infection  resulted,  lasting  for  120-150 
days,  and  ending  in  the  death  of  the  animals.  As  shown  in  figure  14 
the  infection  was  clearly  relapsing,  with  parasitemias  ranging  from  1x10 
per  ml  down  to  undetectible  levels.  During  peaks  of  parasitemia,  blood 
was  takenbytail  bleedings  for  the  preparation  of  stabilates.  These  cryo- 
preserved  organism  were  then  cloned  by  the  method  described  earlier. 
Figure  15  is  a flow  diagram  of  the  development  of  20  clones  in  this 
manner.  Of  the  nine  mice  inoculated  with  trypanosomes  only  eight  deve- 
loped detectable  parasitemias.  Stabilate  populations  were  derived  from 
these  mice  at  the  times  indicated  e.g..  Id  12  represents  a stabilate  pre- 
pared with  blood  taken  from  mouse  number  one  on  the  twelfth  day  of 
infection.  Clones  derived  from  these  populations  are  represented  by 
capital  letters.  The  subscripts  indicate  the  number  of  serial  four  day 
passes  that  were  performed  to  yield  a given  stabilate.  Twenty  clones 
were  obtained  and  preserved  in  this  manner. 

2.  Initial  characterization  of  the  trypanosome  clones 

For  a preliminary  determination  of  the  antigenic  uniqueness  of  each 
of  the  clones  relative  to  the  others,  an  agglutination  assay  was  used. 
Mouse  antisera,  obtained  through  immunization  with  irradiated  organism 
of  each  clone,  were  assayed  for  their  ability  to  agglutinate  organisms  of 
each  of  the  clones.  The  results  of  this  assay  are  shown  in  figure 
16.  Ten  of  the  clones  were  found  to  be  antigenically  unique,  i.e.,  these 
clones  were  agglutinated  only  by  their  homologous  antiserum.  Clone 
Id  12  agglutinated  spontaneously  and  therefore  could  not  be  assayed  by 
this  method.  The  other  nine  clones  showed  some  degree  of  cross  re- 
activity among  one  or  more  clones.  Generally,  this  was  a two-way  cross 
reaction  indicating  complete  antigenic  homology  between  the  particular 
clones.  ^ 0 „ 
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COURSE  OF  INFECTION  OF  TRYPANOSOMA  RHOOESENSE 
(KENYAN  ISOLATE)  IN  C57BI/6J  MICE 


Figure  14. 

Parasitemias,  expressed  as  trypanosomes  per  milliliter,  in  C57B1/6 
mice  during  a chronic  infection  with  a new  isolate  of  Trypanosoma  rho- 
desiense.  At  the  times  during  infection  when  parasitemias  were  too  low 
to  be  accurately  counted,  the  presence  or  absence  of  parasites  as  deter- 
mined by  wet  mount  is  indicated 
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A total  of  13  different  (noncross  reacting)  antigenic  types  of  try- 
panosomes were  found  out  of  the  20  clones  obtained  from  the  chronic 
mouse  infection.  Most  of  these  13  were  derived  from  organisms  occuring 
in  the  second  peak  of  parasites.  As  many  as  for  antigenically  different 
clones  were  obtained  from  the  second  peak  in  a single  mouse.  These 
observations  indicate  a great  heterogeneity  in  the  organisms  compri- 
sing a single  parasitemia  peak. 

3.  Development  of  variant  specific  fluorescent  antibody  assay. 

A modification  of  the  indirect  fluorescent  antibody  assay  system 
described  by  Van  Mervenne  was  used.  Clone  specific  antisera  were  pre- 
pared by  immunizing  rabbits  with  acid-saline  preparations  of  trypano- 
some surface  coat  antigens.  Pools  of  sera  from  these  rabbits  were 
used  in  the  fluorescent  assay.  In  this  assay,  dried  blood  smears  obtained 
from  heavily  infected  mice  were  used  as  the  trypanosome  antigen.  Var- 
ious dilutions  of  rabbit  sera  were  reacted  with  these  smears,  followed 
by  goat  anti -rabbit  serum  conjugated  with  fluorescein  isothiocyanate. 
Useful  titers  of  the  rabbit  sera  were  determined  by  reaction  with  homo- 
logous and  heterologus  trypanosome  clones.  In  general,  the  homologous 
titer  ranged  from  1:128  to  1:2048  while  the  heterologous  reactivity  re- 
mained at  1:8  or  1:16.  For  use  in  an  assay  to  detect  trypanosomes  of 
a known  antigenic  type,  the  titrated  rabbit  sera  were  used  at  one  two 
fold  dilution  lower  than  that  which  gave  a strong  positive  reaction. 


4.  Critical  characterization  of  the  trypanosome  clones. 

The  fluorescent  assay  described  above  was  used  to  evaluate  the 
homogeniety  of  each  of  the  trypanosome  clones.  Blood  smears  were 
prepared  from  mice  infected  with  individual  clones,  four  days  previous- 
ly. These  smears  were  reacted  with  the  clone  specific  rabbit  antisera 
and  fluorescein  conjugate  as  described  above.  By  this  procedure  it  was 
possible  to  determine  that  each  of  the  clones  contained  from  0 to  200 
nonreactive  trypanosomes  per  10,000  counted.  These  organism  not  re- 
acting with  the  homologous  antisera  were  presumably  variants  that  arose 
spontaneously  after  cloning. 

D.  Discussion:  The  reagents  and  assay  system  described  in  this  work 
provide  methodology  to  study  variant  populations  of  a recently  isolated 
strain  of  the  human  pathogen  T.  rhodesiense  in  nature  as  well  as  in 
experimental  animal  models.  The  high  parasitemia  and  chronicity  of 
the  infection  in  mice  with  this  serodeme  of  T_.  rhodesiense  make  possible 
the  direct  typing  of  the  occurrence  of  variants  during  infection  that  has 
not  been  possible  with  other  strains  of  organisms. 
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DEVELOPMENT  OF  CLONES  OF 
TRYPANOSOMA  RHODESIENSE (KENYAN  ISOLATE) 
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Figure  15.  Development  of  Trypanosoma  rhodesiense  clones.  Mice  1 through 
9 were  infected  with  clones  organisms.  The  stabilate  populations  were  obtain- 
ed from  these  populations.  Subscripts  on  the  capital  letters  indicate  the  num- 
ber of  passes  from  cloning. 


CLONE  SPECIFIC  AGGLUTINATION 
WITH  MOUSE  ANTISERUM  AGAINST 
IRRADIATED  TRYPANOSOMES 
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Figure  16. 

Clone  specific  agglutination  with  mouse 
trypanosomes.  Positive  agglutination  reaction  at  a 1.5  dilution 

serum  are  indicated. 
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23  (U)  The  technical  objective  has  been  to  evaluate  the  control  of  gastric  acid 
secretion  and  of  duodenal  acid  removal.  Bleeding  from  stress  ulceration  of  the  stomach 
is  relevant  to  military  surgery  because  it  occurs  as  a significant  clinical  problem 

in  up  to  10  per  cent  of  injured  patients.  Gastric  acid  plays  a role  in  the  pathogenesis 
Df  these  ulcerations  so  increasing  our  understanding  of  the  control  of  acid  secretion 
and  removal  from  the  stomach  is  of  potential  military  importance. 

24  (U)  Gastric  acid  secretion  is  being  measured  in  dogs  and  monkeys  using  an  infusion 
pump  system  to  instill  graded  doses  of  the  secretagogues , histamine  and  tetragastrin 
while  gastric  acid  is  collected  and  the  acidity  measured  by  titration.  Duodenal  acid 
loss  is  being  measured  using  a recirculat ing  pH  stat  system  with  an  autoburette. 

25  (U)  76  10-77  09  The  effect  of  antral  denervation  and  then  subsequent  antrectomy  on 

acid  secretion  has  been  assessed  in  dogs.  Antral  denervation  has  no  effect  while 
antrectomy  slightly  increases  acid  secretion  in  response  to  histamine  and  tetragastrin. 
Studies  of  gastric  secretion  in  monkeys  revealed  that  maximal  acid  secretion  in  response 
to  histamine  was  about  2X  as  great  as  that  in  response  to  either  tet ragastrin, penta- 

astrin  or  the  full  17  amino  acid  gastrin  molecule.  In  man,  cat  and  dog  maximal  gastric 
cid  secretion  in  response  to  these  secretagogues  is  equal.  Physiologic  testing  of 
roximal  gastric  vagotomy  (PGV),  which  is  a new  surgical  procedure  to  reduce  gastric 
cidity,  was  carried  out  in  dogs.  Of  the  2 components  of  PGV,  lesser  curvature  vagotomy 
as  found  to  greatly  reduce  gastric  acidity  by  about  70  per  cent  while  esophageal 
agotomy  reduced  acid  secretion  about  15  per  cent. 

or  technical  report  see  Walter  Reed  Army  Institute  of  Research  Annual  Progress  Report 
July  76-30  Sept  77. 
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I . Antrectomy  in  Dogs 

A.  Background  and  Statement  of  the  Problem.  Resection  of  the 
antrum  and  duodenal  bulb  in  man  results  in  a decrease  in  maximal 
histamine  stimulated  gastric  acid  secretion.  In  marked  contrast  to 
these  findings  in  man,  it  has  been  shown  in  dogs  and  cats  with  vagally 
innervated  gastric  pouches  (Pavlov  pouches)  that  antrectomy  results  in 
an  increase  in  gastric  acid  secretion  in  response  to  either  of  the 
stimulants  histamine  or  pentagastrin  (1,2,3).  The  present  study  was 
undertaken  to  determine  if  these  differences  were  species  related  or 
were  due  to  the  different  types  of  preparation  (essentially  a gastric 
fistula  in  man  as  opposed  to  isolated  gastric  pouches  in  the  experi- 
mental animal).  In  addition  the  investigations  were  modified  in  an 
attempt  to  explore  possible  causes  for  these  differences. 

B.  Experimental  Approach.  Dogs  were  prepared  with  gastric  fistulas 
and  dose  response  data  were  collected  using  histamine  and  tetragastrin 

as  stimulants  and  acid  output  as  response.  The  vagal  nerves  to  the 
antrum  of  the  stomach  were  divided  and  the  studies  were  repeated. 

C.  Results  and  Discussion.  Division  of  the  vagal  fibers  to  the 
antrum  had  little  effect  on  acid  output  in  response  to  either  histamine 
or  tetragastrin.  Antrectomy  increased  acid  response  to  both  stimulants 
slightly.  These  results  indicate  that  the  earlier  work  with  pouches  is 
a true  reflection  of  the  acid  secreting  response  following  antrectomy  in 
the  dog  or  cat.  It  demonstrates  that  these  differences  are  species 
related  and  are  not  due  to  alterations  created  by  the  construction  of 
fundic  pouches.  The  results  showing  no  significant  change  after  division 
of  the  vagal  nerves  to  the  antrum  show  that  the  increased  acid  secretion 
seen  after  antrectomy  are  not  due  to  any  interference  with  vagal  innerva- 
tion of  the  stomach  or  small  bowel  when  the  antrectomy  is  performed. 
Follow-up  studies  of  these  results  are  underway  to  evaluate  the  role  of 
gastrin  in  the  hyper-secretion  after  antrectomy.  Both  serum  gastrin 
and  gastric  mucosa  gastrin  are  being  measured  before  antrectomy  and  then 

1 and  6 months  after  antrectomy. 


II. 


Histamine  and  Gastrin  in  Monkeys 


A-  Background  and  Statement  of  the  Problem.  There  is  a continuing 
controversey  over  substances  ultimately  responsible  for  gastric  acid 
secretion.  Gastrin,  histamine  and  acetylcholine  have  each  been  proposed 
as  being  the  primary  stimulant.  In  cat,  dog  and  human,  gastrin  and  its 
analogs  elicit  the  same  maximal  gastric  acid  output  as  does  histamine.  The 
monkey,  however,  has  not  yet  been  carefully  studied  (4).  Since  the 
monkey  is  phylogenetically  closely  related  to  the  human,  a more  thorough 
comprehension  of  the  factors  regulating  gastric  acid  secretion  in  the 
monkey  may  prove  to  be  of  benefit  in  better  understanding  human  gastric 
secretory  mechanisms. 

Experimental  App roach . Rhesus  monkeys  were  prepared  with  gastric 
fistulas;  dose-response  data  in  conscious  non-sedated  animals  were  collected 
using  histamine,  tetragastrin , pentagastrin , and  gastrin  as  stimulants  and 
acid  output  as  response.  Other  studies  were  performed  using  histamine  and 
tetragastrin  in  combination  with  a continuous  infusion  of  carbachol  and 
acetylcholine  analog. 

C-  Results  and  Discussion.  Histamine  elicited  a peak  acid  output 
response  which  was  double  that  achieved  by  gastrin  or  any  of  its  analogs 
The  addition  of  carbachol  did  not  significantly  alter  the  acid  response 
to  either  histamine  or  tetragastrin.  The  meaning  of  these  results  is 
unclear  but  suggests  that  there  are  serious  gaps  in  our  understanding  of 
the  regulatory  mechanisms  of  gastric  acid  secretion  at  least  as  they  apply 
to  the  Rhesus  monkey.  Follow  up  studies  of  this  phenomenon  are  being 
carried  out.  Background  infusion  of  how  doses  of  either  gastrin  or  hista- 
mine are  being  made  while  a full  range  of  the  other  secretagogue  is  infused 
to  see  if  maximal  secretion  of  these  combinations  are  equivalent.  The 
results  of  our  acid  testing  to  date  are  shown  in  the  table  below: 


Gastric  acid  secretion 

(uEq/10  min) 

N 

HIST  dose  (ug/kg-hr)  20 

80 

320 

TG  dose  (ug/kg-hr) 

4 

16 

64 

7 

HIST 

316+46 

602+68 

731+140 

7 

TG 

89+24 

204+41 

289+28 

3 

HIST 

291+46 

566+74 

653+134 

3 

HIST  + carbachol 

314+70 

689+154 

765+177 

3 

TG 

171+48 

288+53 

232+54 

3 

TF  + carbachol 

223+39 

338+44 

310+53 

III.  Partial  Vagotomy  in  Dogs 
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A.  Background  and  Statement  of  the  Problem.  Highly  selective 
vagotomy  which  consists  of  dividing  the  vagal  nerves  to  the  acid  secre- 
tion portion  of  the  stomach  is  an  operation  which  is  becoming  increasingly 
popular.  The  advantages  of  this  operation  are  that  the  gastrointestinal 
tract  does  not  need  to  be  opened  and  there  are  fewer  postoperative  side 
effects.  Essentially  the  operation  consists  of  two  parts  - first  the 
division  of  vagal  fibers  along  the  lesser  curvature  of  the  stomach  which 
innervate  the  acid  secreting  portion  of  the  stomach  and  second  the 
division  of  fibers  around  the  esophagus.  This  study  was  designed  to 
determine  what  the  relative  effect  of  each  of  these  two  components  of 

the  operation  have  in  acid  secretion. 

B.  Experimental  Approach.  Two  groups  of  4 dogs  were  prepared 
with  gastric  fistulas.  Control  studies  were  undertaken  testing  with 
histamine,  tetragastrin  and  2-deoxy-d-glucose . One  group  then  had  the 
vagal  fibers  to  the  less  curvature  divided  and  the  other  group  had  the 
fibers  around  the  esophagus  transected.  The  dogs  were  then  retested  and 
then  had  the  remainder  of  their  fibers  divided  thus  completing  a highly 
selective  vagotomy  in  each  dog.  Final  repeat  testing  was  then  carried  out. 

C.  Results  and  Discussion.  The  results  of  this  gastric  acid  secre- 
tory testing  in  response  to  graded  doses  of  2DG  are  shown  in  the  table 
below.  Acid  secretion  is  in  uEq/10  min. 

N 


Control 

5 

428+185 

2917+892 

44351-372 

EV 

5 

312+162 

2524+877 

3511+749 

Control 

5 

221+86 

2841+514 

4758+813 

LCV 

5 

8+4* 

1153+469* 

1348+338** 

Control 

6 

303+64 

2810+292 

3760+234 

EV+LCV 

6 

51+48* 

555+271*** 

640+226*** 

The  reduction  was  greatest  after  EV+LCV,  less  marked  after  LCV  alone  and 
not  statistically  different  for  EV  alone:  p by  t test*0.05*,  <0.01**, 

< 0.001***. 

IV.  Duodenal  Mucosa 


A.  Background  and  Statement  of  the  Problem.  The  duodenal  mucosa 
has  recently  been  shown  to  have  a significant  capacity  to  dispose  of  acid 
without  contribution  from  the  pancreas  of  liver.  A defect  in  duodenal 
disposal  of  acid  could  result  in  increased  gastric  acidity  by  slowing  the 
gastric  emptying  of  acid.  This  mechanism  could  be  important  in  the  patho- 
genesis of  gastric  as  well  as  duodenal  ulceration. 


* 


L. 


B.  Experimental  Approaches.  An  experimental  preparation  has  been 
developed  using  a duodenal  pouch  in  a chronic  dog  with  2 Gregory  cannulas 
and  a recirculating  system  through  a reservoir  with  a pH  stat  titrator 
system.  This  allows  minute  to  minute  measuring  of  duodenal  acid  loss  at 
varying  rates  of  perfusion  and  at  varying  acid  concentrations.  The  ques- 
tions of  the  relative  influence  of  rate  and  concentration,  the  role  of 
bicarbonate  in  the  system  as  determined  by  the  influence  of  acetazolamide , 
the  effects  of  aspirin  and  bile  salts  and  the  effects  of  cyanide  are  all 
being  studied. 


C.  Results  and  Discussion.  Results  show  that  the  rate  of  acid 
loss  is  dependent  on  both  the  concentration  of  acid  and  the  rate  of  per- 
fusion. Diamox  inhibits  acid  loss  and  this  varies  at  different  acid 
concentrations.  Cyanide  was  found  to  increase  the  rate  at  which  acid 
disappears  from  the  duodenal  lumen.  In  the  table  below  the  rate  of  acid 
loss  from  the  lumen  is  shown  at  pH3  in  column  A and  at  pH3  with  the 
addition  of  lOmM  sodium  cyanide  in  the  column  labelled  A+C.  The 

mucosal  potential  difference  (PD)  and  the  duodenal  pC>2  (PdOp)  and 
the  duodenal  pC02  (PdCC^)  were  affected  by  cyanide. 


A+C 


AH+(uEq/10  min) 

-111+8 

-251+33 

0.01 

PD  (mV) 

-9+1 

-8+1 

N.S. 

PdC02  (mm  Hg) 

45+7 

40+6 

N.S. 

Pd02  (mm  H§) 

121+6 

126+5 

N.S. 

In  another  series  of  experiments  evaluating  duodenal  acid  loss  pCC>2  was 
measured  in  the  duodenal  lumen  while  acid  was  being  removed.  The  pCC^ 
measurements  were  taken  with  a mass  spectrometer  in  collaboration  with 


MAJ  MONTY  WOODS.  A linear  correlation 
and  pC02  is  evident  in  the  table  below: 

between  the 

rate  of  acid 

loss 

£H  9 

7 

4-6 

2-3 

1.3-1. 

N 2 

2 

7 

7 

4 

JH+  - uEq/10  min  -60+0 

7+5 

114+13 

307+34 

729+59 

APCO2  mmHg  - 5+7 

-1+8 

11+3 

32+6 

64+16 

For  the  22  experiments  dpCC^  correlated  positively  with  acid  loss  (JH+) 
with  p <.001  according  to  this  equation:  ApC02=0.08  JH+  + 3.27.  From 
these  experiments  we  conclude  that  isolated  canine  duodenal  mucosa  has  an 
independent  mechanism  to  dispose  of  acid  by  bicarbonate  neutralization. 
Bicarbonate  neutralization  would  produce  CO2  according  to  the  formula 
HCO3  Na  + HC1  £?  H2O  + NaCI  + 002-' 

V,  Estrogen-like  Effects  of  Cannabinoids 

A.  Background  and  Statement  of  the  Problem.  The  possibility  that 
marijuana  could  have  estrogen-like  effects  was  raised  by  our  initial 
report  of  gynecomastia  in  chronic  marijuana  users  (6)  and  by  a subsequent 


I 
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report  of  an  animal  model  in  which  9 tetrahydrocannabinol  (THC)  caused 
breast  stimulation  in  rats.  Marijuana  may  reduce  serum  testosterone 
levels  and  reduce  sperm  counts  in  humans.  Marijuana  increases  uterine 
weight  in  rats. 

In  work  we  have  performed  previously  at  WRAIR  THC  was  found  to 
decrease  testicular  weight  as  well  as  serum  and  testicular  testosterone 
in  rats  (9).  We  are  now  studying  how  these  effects  are  produced. 


B.  Experimental  Approach.  In  collaboration  with  DR,  ROBERT 
SHOEMAKER  at  the  AFIP  a system  for  measuring  estrogen  receptors  in 
tissue  cytosols  has  been  developed.  The  goal  of  our  project  has  been 
to  determine  whether  or  not  THC  binds  to  estrogen  receptors  in  which 
case  they  could  be  presumed  to  be  perceived  as  estrogen  by  target  tissues. 

C.  Results  and  Discussion.  The  dextran  coated  charcoal  method 
(Mester  et  al. , Biochem.  J.  120:831,  1970)  demonstrated  high  affinity 
binding  of  3H-delta-9-THC  and  its  primary  metabolite,  11-OH-THC,  in 
uterine  and  mammary  cytosol  of  immature  rats.  This  binding  was  strongly 
inhibited  by  pretreatment  of  the  cytosol  with  estradiol,  indicating  com- 
petition for  the  same  binding  site(s).  The  specificity  of  the  binding 
was  further  defined  by  comparing  THC  binding  in  estrogen  target  tissues 
with  binding  in  non-target  tissues  and  in  serum.  This  binding  was  found 
to  follow  the  same  hierarchy  as  binding  of  ^H-17  -estradiol:  uterus- 
breast-serum-muscle-kidney.  Surcrose  density  gradient  centrifugation 

of  bound  THC  revealed  sedimentation  characteristics  identical  to  those 
of  the  4-5  S component  of  the  estrogen  receptor  complex.  While  the 
specifics  of  the  interaction  of  THC  with  cellular  and  extracellular  proteins 
remains  to  be  elucidated,  the  results  of  this  initial  study  support  binding 
of  THC  to  estrogen  receptors  as  a mechanism  for  the  estrogenic  action  of 
marijuana. 
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23.  (U)  To  develop  new  test  systems  and  improve  existing  ones  for  identification  and 
development  of  drugs  to  prevent  and  treat  parasitic  diseases  in  military  personnel. 

24.  (U)  Development  of  animal  model  test  systems  capable  of  rapidly  screening  large 
numbers  of  chemical  compounds  for  their  anti-parasitic  activity. 

25.  (U)  76  10  - 77  09  Studies  to  determine  the  effectiveness  of  1A-3  N-Oxide  and 
IA-4  N-oxide  against  S.  mansoni  infection  in  rhesus  monkeys  were  completed.  Both 
drugs  cured  infections  when  administered  by  oral  (PO)  or  intramuscular  (IM)  routes. 

WR  6026,  the  best  of  a newly  discovered  class  of  ant ileishmanial  compounds,  was  500 
times  as  active  as  glucantime  against  axenic  cultures  of  L.  braziliense.  Mvstromys 
albicaudatus  was  shown  to  be  an  excellent  model  for  L.  tropica  infection. 

In  vitro  screening  of  antitrypanosomal  drugs  has  been  initiated,  and  a good  degree 
of  correlation  with  in  vivo  activity  has  been  observed. 

Suitable  models  to  test  antileishmanial , ant ischistosomal  and  antitrypanosomal  drugs 
have  now  been  established.  This  work  unit  is  discontinued.  Drug  development  research 
will  continue  under  3 new  work  units:  090,  099  and  102.  For  technical  report  see 
Walter  Reed  Army  Institute  of  Research  Annual  Progress  Report  1 Jul  76  - 30  Jul  77. 
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Schistosomiasis,  Leishmaniasis,  and  African  Trypanosomiasis 
are  parasitic  diseases  which  pose  a threat  to  U.S.  Military  personnel 
who  may  be  required  to  operate  in  tropical  and  subtropical  areas  of 
the  world.  All  drugs  which  are  currently  available  for  use  against 
these  diseases  are,  without  exception,  less  than  fully  effective  or 
have  serious  side  effects.  Accordingly,  programs  to  develop  better 
drugs  against  these  diseases  have  been  initiated,  and  efforts  are 
being  directed  toward  developing  laboratory  methods  to  screen  and 
evaluate  chemotherapeutic  and  chemoprophylactic  agents.  In-house 
research  is  supported  and  coordinated  with  contract  research. 

A.  Development  of  Antileishmanial  Drug  Screening  Systems 

1 . In  vitro  System  - Axenic  Amastigotes: 

The  iji  vitro  system  for  culturing  Leishmanial  amastigotes 
axenically  which  was  developed  at  USAMRU,  Panama,  is  being  adapted 
for  use  in  the  antileishmanial  drug  screening  program  at  WRAIR.  A 
new  laboratory  has  been  established  and  equipped,  and  personnel 
trained . 


Previously,  only  certain  lots  of  fetal  calf  serum  (FCS) 
could  be  used  in  the  culture  system,  and  prior  to  the  purchase  of 
one  large  lot,  sample  aliquots  of  a large  number  of  lots  had  to  be 
tested  to  find  one  which  would  support  leishmanial  growth.  In  a 
collaborative  effort  with  Drs.  Shiigi  and  Mishell,  Department  of 
Bacteriology  and  Immunology,  University  of  California,  Berkeley,  a 
cryophilic  bacterium  has  been  isolated  from  "good"  lots  of  FCS.  The 
supernatant  fraction  collected  from  cultures  of  these  bacteria,  when 
added  to  a deficient  lot  of  FCS,  renders  it  capable  of  supporting 
leishmanial  growth  in  the  culture  system.  Studies  are  in  progress 
to  determine  the  nature  of  the  growth  factor.  Currently,  all  lots  of 
FCS  used  in  the  leishmanial  culture  system  are  first  tested  immuno- 
logically  by  the  Mishell-Dutton  method  for  presence  of  the  growth 
factor . 
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The  synthetic  stearic  acid  derivative,  glycyl-L-histidyl-L- 
lysine  has  been  used  in  other  laboratories  to  support  the  growth  of 
mammalian  cells  in  culture  iji  lieu  of  serum.  Addition  of  as  little 
as  40  nanograms  per  ml  of  this  material  to  culture  medium  does 
support  the  growth  of  large  numbers  of  leishmanial  organisms  in  our 
culture  system  without  addition  of  FCS.  Further  investigations  of 
this  FCS  substitute  are  planned. 

The  culture  system  has  been  miniaturized  so  that  it  can  be 
used  for  the  screening  of  large  numbers  of  chemicals  for  anti- 
leishmanial  activity.  The  entire  cultivation,  conversion  to  amas- 
tigote  forms,  and  exposure  to  test  drug  can  now  be  carried  out  in 
small  disposable  centrifuge  tubes 

The  activity  of  the  standard  antimonial  antileishmanial  drug, 
glucantime,  has  been  determined  in  the  culture  system.  An  was 

reached  at  a drug  concentration  of  150  ^ig  antimony/ml  of  media  when 
the  amastigotes  were  exposed  to  the  drug  for  96  hours. 

2.  Animal  Models  of  Leishmaniasis 


a.  Mystromys  albicaudatus  (African  White-Tailed  Rat) 

Initial  problems  of  morbidity  and  mortality  which  were 
encountered  when  this  rodent  was  first  introduced  into  the  WRAIR 
animal  colony  have  been  overcome  by  establishing  rigid  husbandry 
standards  and  by  maintaining  these  animals  under  strict  isolation. 
Mystromys  are  highly  susceptible  to  bacterial  infections  that  most 
other  laboratory  rodents  tolerate  well.  Studies  to  characterize 
Leishmania  braziliensis  infection  in  mystromys  as  a model  for  New 
World  cutaneous  leishmaniasis  are  continuing.  These  include  defini- 
tion of  the  histopathological  characteristics  of  the  initial  in- 
fection, studies  of  the  subsequent  development  of  the  cutaneous 
lesion,  and  evaluation  of  the  chronic  infection. 

In  mystromys  experiments  conducted  in  Panama,  glucantime  in  a 
regimen  of  100  mg/kg  per  day  for  10  days  was  sufficient  to  close 
primary  lesions  that  were  13  weeks  old  at  the  time  of  treatment  (see 
USAMRU  Annual  Report,  1976).  A more  rapidly  developing  primary  cu- 
taneous lesion  has  been  produced  in  mystromys  after  inoculation  of 
5 x 106  amastigotes  of  L.  mexicana  (figure  1).  In  this  model,  a 
large  papule  forms  in  one  week,  and  an  open  lesion  develops  within 
4 weeks  after  inoculation.  Treatment  with  glucantime  beginning  4 
days  after  inoculation  prevented  lesion  development  in  7 of  10 
mystromys  given  100  mg/kg  for  10  days,  and  in  2 of  5 mystromys 
given  100  mg/kg  for  4 days.  The  L.  mexicana /mystromys  model  is  ad- 
vantageous in  that  the  entire  test  and  observation  period  can  be  com- 
pleted in  4 weeks.  Evaluation  of  this  model  is  continuing. 
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Figure  1.  Lesion  Development  of  Leishmania  mexicana  in 
mystromys  albicaudatus  inoculated  with  varying  numbers  of 
amastigotes . 
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It  has  also  been  demonstrated  that  lesions  can  be  produced  in 
mystromys  by  inoculation  of  the  Jericho  vaccine  strain  of  L. 
tropica.  Ten  of  10  animals  inoculated  with  10^  promastigotes  de- 
veloped cutaneous  lesions.  These  lesions  are,  however,  self-limit- 
ing,  and  healed  in  7 of  10  animals  within  2 months. 

b.  Search  for  other  animal  models  of  cutaneous  Leishmaniasis 

The  following  species  have  been  inoculated  with  pro- 
mastigotes L.  braziliensis : 


Species 


Common  Name 


Number  of  Animals  Inocu- 
lated Developing  Lesions 


Chinchilla  laniger 
Octodon  dagus 
Acomys~canirinus 
Rattus  norvegicus 


Chinchilla 

Dagu 

Egyptian  spiny  mouse 
Nude  white  rat 


Although  lesions  were  produced  in  both  chinchillas  and  dagus, 
the  lesions  took  over  one  month  to  develop,  and  all  self-healed  with- 
in 3 months.  It  appears  that  none  of  these  species  will  serve  as 
useful  animal  models  of  new  world  cutaneous  leishmaniasis. 

3 . Cryobank  Project 

Through  acquisition  and  exchange  with  other  laboratories, 
a reference  collection  of  111  species,  strains  and  isolates  of 
Leishmania  has  been  accumulated.  The  reference  collection  also  in- 
cludes 22  isolates  of  other  heinoflagellates , 5 isolates  of  Plasmodia, 
10  Toxoplasma  and  coccidia,  and  25  Leptospira.  The  isolates  current- 
ly maintained  in  the  cryobank  are  listed  in  Table  1. 

4.  Diagnostic  Laboratory  Services 


In  July,  1977,  a number  of  suspected  cases  of  cutaneous 
leishmaniasis  were  observed  in  troops  of  the  82nd  Airborne  Division 
returning  to  Fort  Bragg,  NC,  after  field  exercises  in  Panama.  A re- 
quest for  epidemiological  consultant  service  was  directed  to  WRAIR. 
Four  culture-positive  cases  were  identified,  and  recommendations  for 
treatment  and  future  epidemiologic  study  were  made. 


Development  and  Assessment  of  an  In  vitro  Screen  for  Potential 
Antitrypanosomal  Drugs 


Progress  during  the  past  year  has  included  the  following: 

1.  Optimization  of  pH  and  duration  of  culture  in  PBS:  Horse 
Serum  media  to  7.35  and  2 hours  respectively.  During  this  time  the 
parasites  are  able  to  survive  and  remain  actively  motile  as  deter- 


^ 


[mined  by  light  microscopy.  Uptake  of  ^H-thymidine  and  ^C-glucosa- 

mine  is  reliable. 

2.  Development  of  a computer  program  for  automatic  data  analysis. 

In  order  to  achieve  a high  potential  through-put,  it  was  essential 
that  the  raw  data  in  the  form  of  CPM  at  each  dilution  of  the  unknown 
compounds  be  input  rapidly  to  a computer  for  analysis. 

The  present  system  is  based  on  a Tektronix  4051  Graphics  Com- 
puter System.  Data  (CPM)  on  teletype  punch  tape  are  produced  direct- 
ly from  the  scintillation  counter.  This  tape  is  then  read  sequential- 
ly into  a preassigned  matrix  in  the  computer.  Based  on  standardized 
quenching  curves  and  an  external  standardization  ratio  for  each 
count,  the  CPM  to  DPM  conversion  is  calculated  for  both  3h  and  l^C. 

Each  compound  has  duplicate  determinations  for  a series  of  7 two-fold 
dilutions  (64-fold  range  of  concentration) . 

Initial  evaluation  of  40  unknown  compounds  (including  some  known 
effective  antitrypanosomes)  indicated  that  a simple  log  transforma- 
tion of  the  independent  variable — concentration — would  result  in  a 
linear  relationship  to  DPM  in  most  cases.  This  information  is  now 
incorporated  into  the  program  for  regression  analysis.  The  regression 
analysis  is  performed  by  standard  matrix  operations  and  generates 
an  ANOVA  for  the  significance  of  the  regression  and  lack  of  fit  to 
the  regression  model  independently  for  ^C  and  DPM  for  each  com- 
pound. Finally  an  ED-50  is  calculated  for  the  unknown  compound 
based  on  the  projected  concentration  necessary  to  cause  a 50%  re- 
duction in  the  control  DPM  calculated  from  the  same  plate.  The  95% 
confidence  interval  for  the  estimated  ED-50  are  also  calculated  by 
the  formula  for  propagation  of  variance  using  the  data  from  each  re- 
gression analysis. 

Any  regression  yielding  a significant  lack  of  fit  to  the  re- 
gression model: 

Y = A + B log  X 

I 

or  in  which  the  estimated  ED-50  is  beyond  the  range  of  concentra- 
tions tested  causes  the  program  to  reject  that  analysis.  The  system 
is  designed  to  test  routinely  concentrations  from  12.5  to  0.195 yig/ml. 

The  computer  program  also  produces  a graphic  display  of  the  regression 
for  each  test  compound. 

3.  A system  was  devised  for  dissolution  of  compounds  in  prepa- 
ration for  assay  which  we  have  found  successful  for  over  a hundred 
compounds  evaluated  to  date.  The  compound  (2.0  + 0.1  mg)  is  first 
dissolved  in  0.5  ml  of  DMSO.  This  is  then  added  dropwise  to  a solu- 
tion of  PBS:  Horse  Serum  (0.26:5.0  ml)  with  mixing.  The  compound  in 
PBS:  Horse  Serum  then  serves  as  a stock  solution  for  the  unknown  com- 
pound. The  highest  concentration  of  DMSO  in  the  culture  wells  is 
less  than  0.1%,  a level  shown  to  have  no  effect  on  the  assay  system. 
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4.  The  use  of  an  0^  microelectrode  to  assess  oxygen  utiliza- 
tion in  culture  wells  proved  cumbersome  and  unreliable.  This 
feature  of  the  original  design  has  been  abandoned. 

5.  Further  refinement  of  the  data  analysis  program  is  in  pro- 
gress. This  will  permit  storage  of  raw  data  and  results  for  each 
compound  on  magnetic  tape  providing  not  only  efficient  storage  for 
a large  amount  of  data,  but  also  permitting  later  retrieval  of  data 
for  listing  of  compounds  in  relation  to  their  relative  activity  in 
the  antitrypanosomal  assay. 

14 

6.  Though  we  have  been  successful  in  getting  uptake  of  C- 
glucosamine  by  JT.  rhodesiense  in  vitro,  we  have  not,  to  date,  been 
successful  in  demonstrating  that  the  isotope  is  incorporated  into  the 
glycoprotein  coat.  Before  proceeding  further  with  the  use  of  the 
assay  as  a primary  screen,  further  work  will  be  conducted  toward  es- 
tablishing whether  or  not  the  glucosamine  is,  in  fact,  being  incorpo- 
rated into  the  glycoprotein  coat.  Currently,  it  is  known  that 
leishmanial  and  schistosomal  species  possess  enzymes  capable  of  di- 
verting glucosamine  into  the  glycolytic  pathways  for  those  organisms. 
Such  information  is  not  now  available  for  trypanosomes. 

If,  in  the  next  several  months,  we  are  not  successful  in  demon- 
strating incorporation  of  glucosamine  into  the  glycoprotein  coat  of 
the  organism,  we  intend  to  return  to  the  use  of  a ^-C  labelled  amino 
acid  (probably  isoleucine)  as  a secondary  indicator.  Though  this 
would  not  be  a specific  indicator  of  surface  coat  synthesis,  it 
would  offer  an  independent  measure  of  activity  by  the  trypanosome  in 
relation  to  drug  concentration. 

C.  Screening  of  Chemical  Compounds  for  Cercarial  Antipenetration 
Activity 

A mouse  test  has  been  developed  to  screen  chemical  compounds 
for  their  ability  to  block  skin  penetration  by  Schistosoma  mansoni 
cercariae.  A total  of  347  specially  selected  compounds  have  been 
tested  to  date,  of  which  107  have  exhibited  antipenetration  activity. 

Test  drugs  are  dissolved  or  suspended  in  alcohol  or  another 
vehicle,  and  the  tail  of  each  mouse  is  suspended  for  5 minutes  in  a 
test  tube  containing  the  drug  preparation.  After  drying,  the  mice 
are  held  for  24  hours  at  which  time  the  tails  are  "washed"  by 
immersion  in  continuously  flowing  tap  water  for  30  minutes.  One  to 
two  hours  later  the  mice  are  exposed  to  100  S_.  mansoni  cercariae  by 
tail  immersion  for  30  minutes.  Vehicle-treated  control  mice  are  in- 
fected with  each  drug  test  group.  At  7 weeks  after  cercarial  ex- 
posure the  mice  are  killed  and  the  total  adult  worm  burden  of  each 
mouse  is  determined  by  the  portal  perfusion  technique.  A significant 
reduction  (>50%)  in  worm  burden  is  considered  evidence  of  anti- 
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penetration  activity.  Test  compounds  which  have  antipenetration 
activity  at  24  hours  are  retested  at  progressively  longer  intervals 
to  determine  the  duration  of  persistence. 

The  107  compounds  which  were  active  in  the  24  hour  antipenetra- 
tion-wash test  may  be  grouped  into  the  following  chemical  classes: 

No.  of  compounds  No.  of  active 


Class 

tested 

compounds 

1. 

4-Aminoquinolines 

60 

43 

2. 

Q u ino 1 ineme  thanol s 

3 

1 

3. 

Acridines 

7 

5 

4. 

Dehydroabietic  acid  salts 

10 

6 

5. 

Hexachlorophene  analogs 

17 

11 

6. 

Aminothiols 

a)  Polynuclear  disulfides 
(amidine  type) 

12 

6 

b)  Aryl  disulfides 
(amidine  type) 

7 

2 

c)  Dithiocarbamates 

8 

4 

d)  Thiadiazoles 

6 

4 

7. 

Miscellaneous 

217 

25 

Total 

347 

107 

The  4-aminoquinoline  class  contained  43  active  compounds,  the 
largest  number  of  actives  of  any  of  the  classes  represented.  Five 
of  the  most  active  compounds  in  this  group  were  effective  at  test 
concentrations  as  low  as  1.25%.  The  active  quinolinemethanol  was 
the  antimalarial  drug  mefloquine  (WR  142490),  which  was  effective 
at  a concentration  as  low  as  2.5%.  None  of  the  4-aminoquinolines 
protected  mice  against  lethal  cercarial  challenge  (3000  cercariae) 
when  the  compounds  were  administered  subcutaneously  24  hours  before 
cercarial  exposure;  they  were  active  only  when  applied  topically. 
Mefloquine  protected  both  topically  and  parenterally . 

Hexachlorophene , bithionol  and  their  analogs  were  the  most 
potent  and  persistent  compounds  in  the  topical  test.  Hexa- 
chlorophene protected  against  24  hour  challenge  at  a concentration 
of  only  0.14%;  at  1.25%  concentration  it  afforded  protection  for  as 
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long  as  6 days.  Bithionol  protected  for  24  hours  at  a concentra- 
tion of  0.42%;  at  1.25%  concentration  it  protected  for  4 days. 

Both  bithionol  and  hexachlorophene,  when  topically  applied  at  1.25% 
concentration  (with  washing) , protected  against  a challenge  of  3000 
cercariae  at  24  hours.  The  commercial  preparation,  "Phisohex" 
(Winthrop  Laboratories,  NY,  NY),  which  contains  3%  hexachlorophene, 
did  not  protect  in  the  topical  test  at  concentrations  below  2%  hexa- 
chlorophene. It  appears  that  the  alcoholic  vehicle  used  in  the 
screening  tests  is  important  in  rendering  test  compounds  persistent 
and  resistant  to  washing. 

The  dehydroabietic  acid  salts  protected  when  applied  topically 
at  concentrations  of  0.74-1.8%.  Protection  at  concentrations  of 
1.25%  did  not  extend  beyond  3 days. 

Activity  was  also  noted  after  topical  application  of  compounds 
of  the  acridine,  aminothiol,  and  miscellaneous  categories.  None  of 
these  compounds  protected  at  concentrations  below  2.5%,  nor  were 
any  of  them  remarkably  persistent. 
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Table  1 - Strain  and  Stabilate  Catalog 
Leishmania 

I.  Reference  Strains 

Locality/ 


Species 

Host 

Source 

Stabilates 

L.  m.  amazonensis 

Rodent 

Brazil/ 
Lanson  & 

Shaw 

WR-065 

WR-067 

L.  m.  amazonensis 

Rodent 

Brazil/ 
Lanson  & 

Shaw 

WR-021 

L.  b.  guayanensis 

Man 

Sousa 

Brazil/ 
Lanson  & 

Shaw 

WR-020 

L.  b.  guayanensis 

Man 

Sousa 

Brazil/ 
Lanson  & 

Shaw 

WR-075 

L.  tropica 

Man 

ATCC 

Iran  / 
ATCC 

WR-012 

WR-071 

L.  donovani 

Man 

Sudan/ 

ATCC 

WR-010 

WR-068 

WR-124 

L.  enriettii 

Guinea  Pig 

Brazil/ 

ATCC 

WR-011 

L.  tropica 

Man 

Iraq?/ 

Israel 

WR-019 

L.  tropica 
(Jerico  Vaccine) 

Man 

Israel 

WR-061 

L.  hoogstraali 

Gecko 

Sudan/ 

Israel 

WR-056 

L.  adleri 

Lizard 

Kenya/ 

Israel 

WR-074 

L.  donovani 

Man 

India/ 

Israel 

WR-046 

L.  donovani 

Man 

India/ 

Israel 

WR-047 

I.  Reference  Strains  (Contd)  Table  1-Strain  and  Stabilate  Caralog 


Species 

Host 

Locality/ 

Source 

Stabilates 

L.  agamae 

Lizard 

Israel 

WR-097 

L.  b.  braziliensis 

Man 

Brazil 

WR-129 

L.  donovani 
(Khartoum) 

Man  (?) 

WRAIR 

Dr.  Stauber 

WR-130 

L.  tropica 
(major)  Seidman 

Man  (?) 

WRAIR 

Dr.  Stauber 

WR-131 

L.  peruviana  (Uta) 

Man 

Peru/Zeladon 

WR-140 

L.  tarantolae 

Lizard 

Algeria/ 

Zeladon 

WR-144 

L.  braziliensis 

Man/Fisher 

Bolivia/ 

UCLA  Med  Cen 

WR-149 

WR-150 

( 


Leishmania 


H = Hamster 
M = Man 

AT  = After  Treatment 
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II 

. USAMRU  - Panama 

Isolates 

Host /Name 

Locality/ 

Species 

Host 

Area 

Stabilates 

L. 

b.  panamensis 

Man/Arnspiger 

C.Z. 

WR-057 

L. 

b.  panamensis 

Man/ Otero-Rivera 

C.Z ./ 

Ft . Sherman 

WR-050 

L. 

b.  panamensis 

Man/Boynton 

C.Z./ 

WR-052 

L. 

b.  panamensis 

Man/Tomes 

Panama 

WR-059 

L. 

b . panamensis 

Man/L. Perez 

C.  A.  / 

WR-055 

L. 

sp . 

Lu.  trapidol 
Sandfly 

Panama/ 

WR-053 

L. 

b.  panamensis 

Man/Navarro 

Panama/ 

Pinas  Beach 

WR-051 

L. 

sp. 

Lu.  shannoni 
Sandfly 

Panama/ 

WR-054 

L. 

b.  panamensis 

Man/Pearlman 

C.  A.  / 

WR-058 

L. 

b.  panamensis 

Man/F.  Gomez 

Panama/ 

WR-005 

L. 

b.  panamensis 

Man/Legoas 

C.Z./ 

Empire  Range 

WR-009 

L. 

b.  panamensis 

Man/Husbands 

C.Z./ 

Empire  Range 

WR-003 

L. 

b.  panamensis 

Man /Mar low 

C.Z./ 

Empire  Range 

WR-004 

L. 

b.  panamensis 

Man/Watterson 

C.Z./ 

Chiva  Chiva 

WR-006 

L. 

b.  panamensis 

Man/Flores 

Panama/ 

WR-007 

L. 

b.  panamensis 

Man/Barstow 

C.Z./ 

WR-060 

Hamster 

Empire  Range 

WR-069 
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Panama  Isolates  (Contd)  Table  1-Strain  and  Stabilate  Catalog 


Host /Name 

Locality/ 

Species 

Host 

Area 

Stabilates 

L.  b.  panamensis 

Man/Murray 

C.Z ./ 

WR-008 

(M) 

Hamster 

Ft . Sherman 

WR-073 

(H) 

WR-083 

(H) 

WR- 120 

(H) 

WR-128 

(H) 

WR-157 

(H) 

WR-158 

(H) 

WR-064 

(H) 

L.  b.  panamensis 

Man/Fizer 

C.Z./ 

WR-017 

(M) 

Ft.  Sherman 

WR-070 

(H) 

WR-079 

(H) 

L.  b.  panamensis 

Man/Grutzmacher 

C.Z./ 

Ft.  Sherman 

WR-001 

L.  b.  panamensis 

Man/Carmain 

C.Z./ 

Ft . Sherman 

WR-002 

L.  b.  panamensis 

Man/ Ackerman 

C. Z. /Lab 

WR-062 

L.  b.  panamensis 

Man/Deloatch 

C.  A.  / 

Ft . Sherman 

WR-072 

L.  b.  panamensis 

Man/Deloatch 

C.Z./ 

Ft . Sherman 

WR-077 

(AT) 

L.  b.  panamensis 

Man/Sablan 

C.Z./ 

Ft . Sherman 

WR-076 

L.  b.  panamensis 

Man/Sablan 

C.Z./ 

Ft . Sherman 

WR-049 

(AT) 

L.  braziliensis 

Man/Terborgh 

Peru-Amazonia 

WR-063 

(Espundia) 

WR-080 

L.  hertigi 

Tropical 

Panama/ 

WR-081 

Porcupine 

Aguacate 

L.  braziliensis 

Man/Van  Sickle 

Honduras/ 

Rio  Platanos 

WR-084 

L.  b.  panamensis 

Man/Murillo 

Panama/ 

WR-085 

Chilibre 

WR-092 
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Species 

Host /Name 

Host 

Locality/ 

Area 

Stabilates 

-■ 

b.  panamensis 

Man/Sablan 

C.Z./ 

Ft.  Sherman 

WR-099  (ATX2 ) 

L. 

braziliensis 

Man/Garmine 

Costa  Rica/ 
Cahuita 

WR-095 

I L- 

b.  panamensis 

Man/ Jonas 

C.Z./ 

Ft.  Sherman 

WR-103 

L. 

chagasi 

Man/Herrera 

Honduras/ 

Cedros 

WR-115 

L. 

chagasi 

Man/Salgado 

Honduras/ 

Las  Playas 

WR-111 

WR-113 

L. 

chagasi 

Man/Herrera 

Honduras/ 

Cedros 

WR-110 

L. 

mexicana 

Man/ (?) 

USA/Texas  (?) 

WR-114 

L. 

chagasi 

Man/Herrera 

Hamster 

Honduras/ 

USAMRU 

WR-116 

L. 

chagasi 

Man/Herrera 

Hamster 

Honduas/ 

USAMRU 

WR-117 

L. 

chagasi 

Man/Salgado 

Hamster 

Honduras/ 

USAMRU 

WR-119 

L. 

chagasi 

Man/Salgado 

Hamster 

Honduras 

USAMRU 

WR-118 

L. 

chagasi 

Man/Herrera 

Hamster 

Honduras/ 

USAMRU 

WR-121 

L. 

chagasi 

Man/Herrera 
Hamster /Dog 

Hondruas/ 

USAMRU 

WR-122 

L. 

chagasi 

Man/Herrera 

Hamster/Dog 

Honduras/ 

USAMRU 

WR-125 

L. 

mexicana 

Man/Hamster 

USA/Texas 

USAMRU 

WR-126 
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Species 


L.  mexicana 


L.  b.  panamensis 


L.  b.  panamensis 


L.  b.  panamensis 


L.  b.  panamensis 


L.  b.  panamensis 


L.  b.  panamensis 


L.  hertigi 


L.  b.  panamensis 


L.  b.  panamensis 


L.  b.  panamensis 


L.  donovani 
Khartoum 

L.  donovani  HM 


Leishmania  sp. 


L.  tropica 
(Jericho) 


Host/Name 

Host 


Man/Hamster 


Man/Tush 


Man/Tush 


Man/Hernandez 


Man/Hernandez 


Man/ Jimenez 


Tropical 

Porcupine 

Man/ 

Zimmeriman 

Man/ 

Hernandez 


Hamster 


Hamster 


Man/Lusher 


Mystromys 


Locality/ 

Area 


USA/Texas 

USAMRU 


Stabilates 


WR-127 


Man/Acosta  Panama/Llones  WR-134 


Panama/Cerro  WR-132 

Pelado 

Panama/Cerro  WR-133 

Pelado 


Panama/ 

Rio  Pequeni 

Panama/ 

Rio  Pequeni 

Panama/ 
Empire  Range 

Panama/ 

Aguacate 

Panama/ 
Empire  Range 

Panama/ 

Rio  Pequein 


Man/Jecminek  C.Z./ 


WR-135 


WR-136  (AT) 


WR-148  (AT) 


WR-151 


WR-153 


WR-154  (AT) 


WR-155 


Empire  Range  WR-156 

Khartoum/WRAIR  WR-168 
Med  Chem 

Sicily/WRAIR  WR-163 
Med  Chem 

Southern  Calif/  WR-164 
USA 

Israel/WRAIR  WR-178 


Panama  Isolates  (Contd)  Table  1-Strain  and  Stabilate  Catalog 


Species 

Ho st /Name 

Host 

Locality 

Area 

Stabilates 

Leishmania  sp. 

Man/Llewellyn 

Brazil/WRAIR 

WR-177 

Leishmania  tropica 
Seidman 

Mouse 

Senegal /WRAIR 

WR-182 

L.  m.  mexicana 

Hamster 

B Honduras/ 
Farrell 

WR-183 

L.  sp. 

Mouse 

Rat/Honduras/ 

WRAIR 

WR-194 

I.,  sp. 

Guinea  Pig 

Rat/Honduras/ 

WRAIR 

WR-195 

L.  sp. 

Mystromys 

? /WRAIR 

WR-196 

L . sp . 

Man 

Van  Studen/ 
South  Africa 

WR-198 

L.  sp. 

Hyrax 

Johannesburg/ 
South  Africa 

WR-199 

L.  sp. 

Sandfly 

Johannesburg/ 
South  Africa 

WR-200 

L.  mexicana 

Mystromys 

Texas /WRAIR 

WR-201 

L.  sp. 

Hamster 

Rat /Honduras 
WRAIR 

WR-202 

1 5 9 


Trypanosoma 
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Species 

Host 

Locality/ 

Area 

Stabilates 

T.  sp.  and/or 
Endotrypanum  sp. 

Sloth,  3-Toed 

Panama/ 

Aguacate 

WR-086 

WR-089 

T.  sp.  and/or 
Endotrypanum  sp. 

Sloth,  2-Toed 

Panama/ 

Aguacate 

WR-093 

T.  sp.  and/or 
Endotrypanum  sp. 

Sloth,  2-Toed 

Panama/ 

Aguacate 

WR-094 

T.  sp. 

Porcupine 

Panama/ 

Chorrera(?) 

WR-018 

T.  cruzi 

Man 

Brazil 

WR-023 

WR-152 

T.  cruzi 

Raccoon 

USA/Maryland 

WR-022 

1314  Hemoflagellate 
unknown  sp. 

Rat 

Honduras/ 

Tenideros 

WR-137 

WR-141 

1310  Hemoflagellate 
unknown  sp . 

Opossum 

Honduras/ 

Tenideros 

WR-138 

WR-145 

1319  Hemoflagellate 
unknown  sp . 

Opossum 

Honduras/ 

Tenideros 

WR-142 

WR-146 

1317  Hemoflagellate 
unknown  sp. 

Rat 

Honduras/ 

Tenideros 

WR-143 

WR-147 

Endotrypanum  ? 

Rhesus  #3 

Panama 

WR-087 

WR-090 

Endotrypanum  ? 

Rhesus  //4 

Panama 

WR-088 

WR-091 

MC-009  T.  lewisis 

Mouse 

/WRAIR 

WR-189 

WR-185 

Toxoplasma 

Table  1-Strain  and  Stabilate  Catalog 


Strain 

Host/Source 

Locality 

Stabilates 

Miranda 

Man/Mouse 

Panama 

WR-013 

CDC  - Rh  (new) 

Mouse 

CDC 

WR-014 

Russell 

Man/Lymph  node 

Panama 

WR-015 

CDC  - Rh  (old) 

Mouse 

CDC 

WR-016 

Reed 

Man/Lymph  node 

Panama 

WR-048 

C-37 

Mouse 

CDC,  1966 

WR-82 

Quiros 

Man/Lymph  node 

Panama 

WR-096 

Barrera 

Man/Lymph  node 

Panama 

WR-100 

M-7741 

Mouse 

CDC,  1966 

WR-102 

Isosporo 

Artopithica 

Marmoset 

Panama 

WR-123 

Amoeba  Table  1-Strain  and  Stabilate  Catalog 


Strain 

Species 

Source 

Stabilates 

CCAP 

1518-15 

Naegleria  gruberii 

AFIP 

WR-108 

Ll-L 

Naegleria  gruberii 

AFIP 

WR-105 

(troph) 

WR-106 

(cysts) 

CCAP 

1518- ID 

Naegleria  gruberii 

AFIP 

WR-107 

CCAP 

1501-1 

Acanthamoeba  castellanii 

AFIP 

WR-109 

Insect  Cell 

Line 

Grace 

Antheraea  eucalyptii 

WRAIR 

WR-066 

Plasmodium 

MC-004 

P.  flaciparum  (Smith) 

Columbian, 

WRAIR 

WR-167 

MC-007 

P.  inui 

Cynomolgus, 

WRAIR 

WR-172 

MC-012 

P.  falciparum  (Smith) 

Aotus,  WRAIR 

WR-188 

WR-190 

WR-191 

WR-192 
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Table  1 - Strain  and  Stabilate  Catalog 
Miscellaneous 


Leptospira 


Strain 

Species 

Source 

Stabilates 

CZ-188 

L.  canalzonae 

WRAIR 

WR-024 

L.  caniconla 

hondutrecht 

WRAIR 

WR-025 

HS-622 

L.  borincana 

WRAIR 

WR-026 

A 

L.  autumalis  akiyama 

WRAIR 

WR-027 

Je-2 

L.  bratislava 

WRAIR 

WR-028 

CZ-299 

L.  tropica 

WRAIR 

WR-029 

L.  tarassovi 

perepelicin 

WRAIR 

WR-030 

CZ-390 

L.  weaver i 

WRAIR 

WR-031 

LT-821 

L.  shermani 

WRAIR 

WR-032 

HS-616 

L.  alexi 

WRAIR 

WR-033 

CZ-320 

L.  kobbe 

WRAIR 

WR-034 

3705 

L.  wolffi 

WRAIR 

WR-035 

Patco  I 

L.  biflexa 

WRAIR 

WR-036 

L-16a 

L.  alexi 

Man/Ha jduk/Ur ine 

WR-037 

L-24a 

L.  alexi 

Man/Hajduk/ Blood 

WR-038 

L-lOOc 

L.  sp. 

Man /Gar zona /Ur ine 

WR-039 

L-62a 

L.  sp. 

Man/Gar zona /Blood 

WR-040 

L-46c 

L.  sp . 

Man/ Johnson/Urine 

WR-041 

L-45a 

L.  sp. 

Man/ Johnson/ 

Spinal  fluid 

WR-042 

. 


A. 
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Miscellaneous 


Leptospira 


Strain 

Species 

Source 

Stabilates 

L-28a 

L.  sp. 

Man/Pratt /Urine 

WR-043 

L-135a 

L.  sp. 

Man/Neal/Urine 

WR-044 

L-106a 

L.  sp. 

Man/Lima/Blood 

WR-045 

L-108a 

L.  sp. 

Man/Becker/ Blood 

WR-104 

L-193 

L.  sp. 

Man/Shobe/Blood 

WR-112 

L-224 

L.  sp. 

Man/ Chandler /Blood 

WR-139 
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23.  (U)  Studies  emphasize  control  of  vectors  of  arbovirus  and  parasitic  diseases  of 
military  significance.  Objectives  are  incrimination  of  vectors  and  understanding  of 
host-parasite  relationships  initially,  understanding  of  vector  biology  and  disease 
transmission  mechanisms  ultimately  in  order  to  develop  more  effective  control  pro- 
cedures. 

24.  (U)  Invertebrate  vectors  and  vertebrate  reservoirs  and  hosts  are  collected  in  areas 
of  known  disease  activity.  Infection  rates  are  determined,  as  are  flight  ranges,  bio- 
logical processes,  such  as  pathogen  transmission,  flight  physiology  and  diapause  are 
studied  in  the  laboratory, 

25.  (U)  76  10  - 77  09  Two  strains  of  St  Louis  encephalitis  virus  were  isolated  from  a 
total  of  1162  overwintering  Culex  pipiens  mosquitoes  collected  in  January  and  February 
from  Maryland,  Pennsylvania  and  New  Jersey.  Laboratory  studies  in  diapause  of  Culex 
pipiens  indicate  that  these  overwintering  mosquitoes  probably  became  infected  by  in- 
gesting a prehibernation  bloodmeal.  Aedes  atlanticus,  a vector  of  Keystone  encephaliti 
virus  in  the  Pocomoke  Cypress  Swamp,  did  not  emerge  in  1976  due  to  unfavorable  environ- 
nental  conditions.  Of  13  antibody  negative  grey  squirrels  (an  important  virus  reser- 
voir) recaptured  in  the  fall,  only  one  developed  Keystone  antibody.  Eighty  Virus 
Isolations  were  made  from  Aedes  atlanticus  adult  females  in  1975.  To  date,  20  of  these 
lave  been  tested  and  confirmed  as  Keystone  virus.  For  technical  report,  see  Walter 
leed  Army  Institute  of  Research  Annual  Progress  Report,  1 Jul  76  - 30  Sep  77. 
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Description 

This  task  involves  field  and  laboratory  studies  of  the  relationships 
between  selected  arthropods  and  various  aspects  of  their  natural  environ- 
ment, especially  those  aspects  relating  to  certain  pathogenic  organisms, 
their  hosts,  and  their  reservoirs.  Included  are  ecological  and  physiologi- 
cal studies  on  arthropods,  studies  of  transmission  mechanism  and  the  de- 
velopment of  improved  methods  of  control  of  arthropods  of  medical  importance. 

Progress 


1.  Overwintering  Ecology  of  St.  Louis  Encephalitis  Virus 

St.  Louis  encephalitis  (SLE)  virus  is  maintained  in  nature  during 
the  summer  and  fall  by  a mosquito-avian-mosquito  cycle.  At  least  3 
mosquito  species,  Culex  pipiens,  £.  nigripalpis  and  £.  tarsalis  have  been 
incriminated  as  vectors  of  SLE  virus.  Although  the  details  of  summer  and 
fall  SLE  virus  cycle  are  relatively  well  known,  the  mechanism  by  which 
the  virus  persists  during  the  interenzootic  winter  season  is  obscure.  In 
temperate  regions,  C.  pipiens  and  £.  tarsalis  overwinter  solely  as  insemi- 
nated adult  females,  and  some  investigators  have  suggested  that  SLE  virus 
may  persist  in  hibernating  adults  of  these  mosquito  species  until  the 
next  enzootic  season.  Until  the  present,  there  was  little  convincing 
evidence  to  support  this  hypothesis,  however  since  the  1975  epidemic,  we 
have  been  reexamining  the  possibility  that  SLE  virus  is  maintained  in 
hibernating  £.  pipiens  females  during  the  winter  season. 

Between  January  and  March  1977,  a total  of  1162  hibernating 
£.  pipiens  females  were  collected  from  abandoned  ammunition  bunkers  at 
several  former  U.S.  Army  forts  in  4 mid-Atlantic  states  (Figure  1).  The 
temperatures  inside  the  bunkers  were  not  recorded,  but  the  winter  of 
1976-77  was  one  of  the  coldest  on  record  (Table  1).  For  the  first  7 
days  following  their  collection  these  mosquitoes  were  held  in  an  insectary 
at  a temperature  of  26°C  and  under  a daily  photoperiod  schedule  of  16  hours 
of  light  and  8 hours  of  darkness;  at  the  end  of  this  preliminary  holding 
period  they  were  offered  a bloodmeal  on  a chicken.  Those  mosquitoes  that 
engorged  on  chickens  were  separated  from  the  unfed,  and  both  groups  were 
held  in  the  insectary  for  varying  periods  of  time  until  sacrificed  for 
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virus  assay.  Pools  of  these  mosquitoes  (10  mosquitoes  each)  were  inocu- 
lated by  intracerebral  route  into  3-5  day  old  mice,  following  the 
virological  procedures  used  during  1976  (WRAIR  Annual  Progress  Report, 
1975-76).  Two  viral  isolates  were  obtained  from  mosquitoes  collected 
during  the  period-one  from  a pool  of  C.  pipiens  collected  on  26  January 
at  Ft.  Washington,  Maryland  and  the  second  from  mosquitoes  collected  at 
Ft.  Mifflin,  Pennsylvania  on  22  February  (table  2).  Presumptive  identi- 
fication based  on  CF  results  indicated  that  both  overwintering  isolates 
were  similar  if  not  identical  to  prototype  SLE  strains  (Table  3) . 

Pre-  and  post-bleedings  of  the  chickens  used  to  furnish  bloodmeals 
for  these  mosquitoes  were  not  performed  in  the  processing  of  the  mosqui- 
toes from  which  the  Ft.  Washington  isolate  was  obtained.  In  the  case  of 
the  Ft.  Mifflin  isolate,  however,  such  bleedings  eliminated  any  possi- 
bility that  these  chickens  could  have  served  as  a virus  source.  Also, 
virus  was  not  transmitted  to  the  chick  by  the  feeding  of  the  mosquitoes 
from  which  the  Ft.  Mifflin  isolate  was  obtained. 

2.  Overwintering  Ecology  of  Culex  pipiens 

Overwintering  mosquitoes  could  become  infected  with  SLE  virus,  either 
1)  through  transovarial  transmission  or  2)  through  a viremic  bloodmeal 
taken  late  in  the  previous  fall.  Although  transovarial  transmission  of 
arboviruses  has  been  demonstrated  in  mosquitoes,  the  phenomona  has  thus 
far  been  shown  to  occur  only  in  mosquitoes  which  overwinter  in  the  egg 
stage  (i,.e.  Aedes  spp.)  and  to  involve  only  arboviruses  belonging  to  the 
California  encephalitis  group. 

The  experiments  described  below  were  designed  to  determine  whether 
overwintering  Culex  pipiens  females  could  have  ingested  a viremic  blood- 
meal  while  in  a state  of  ovarian  diapause  or  "gonotrophic  dissociation". 
Gonotrophic  dissociation  is  defined  here  to  mean  failure  of  ovarian  fol- 
licles to  mature  subsequent  to  a full  bloodmeal.  In  spite  of  the 
demonstration  of  the  occurrence  of  gonotrophic  dissociation  in  Culex 
mosquitoes  in  the  laboratory  (Eldridge,  1966),  its  occurrence  in  nature 
has  been  questioned  because  the  same  environmental  conditions,  short 
daily  photophases  and  cool  temperatures,  which  cause  ovarian  diapause 
also  result  in  sharply  reduced  blood  feeding.  In  terms  of  naturally 
occurring  conditions,  however,  it  seemed  a possibility  that  a population 
of  females  which  had  entered  or  were  about  to  enter  hibernacula  might 
respond  to  short  periods  of  warm  temperatures  ("Indian  summer")  by  taking 
a bloodmeal  before  entering  their  hibernacula  or  by  leaving  them  to  take 
a bloodmeal,  but  that  such  warm  periods  would  be  of  insufficient  length  to 
promote  ovarian  development  in  all  cases.  The  stock  Culex  pipiens  mosqui- 
toes used  in  these  experiments  were  reared  in  our  insectary  using  conven- 
tional techniques,  and  at  a temperature  of  27°C  and  a daily  photoperiod 
of  L:D  15:9  (hr  light:  hr  dark  per  24-hr  period).  The  experimental 
treatment  followed  in  these  studies  is  diagrammed  in  Fig.  2.  Initially, 
division  of  mosquitoes  from  the  stock  colony  was  made  at  the  time  of 
pupation  into  2 groups  consisting  of  several  hundred  pupae  each.  One 
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group  was  placed  in  an  incubator  programmed  for  15°C  and  L:D  9:15,  the 
other  in  an  incubator  programmed  for  15°C  and  L:D  15:9.  Seven  days  after 
adult  emergence,  the  short  photophase  group  was  further  subdivided  into 

2 subgroups.  One  of  the  sbugroups  was  transferred  to  another  bioclimatic 
chamber  programmed  for  25°C  and  L:D  9:15.  The  other  subgroup  was  main- 
tained at  15°C  and  L:D  9:15  as  before  to  constitute  a short  photophase 
control.  The  long  photophase  group  constituted  a second  control.  At  this 
time,  and  once  a day  for  7 days,  5 females  were  removed  from  each  of  the 

3 groups  and  dissected  in  physiological  saline.  Both  ovaries  of  each 
female  were  examined  and  5 ovarian  follicles  measured  from  each.  The 
length  of  the  follicles  was  recorded  as  well  as  the  developmental  stage 
according  to  the  system  of  Christophers'  as  modified  by  Kawai  (1969). 

In  addition  to  the  5 females  removed  for  dissection,  100  females  from 
each  group  were  removed  to  a 25°C  incubator  and  allowed  to  feed  on  a 
chicken  overnight.  Fully  engorged  females  from  these  feedings  were  held 
for  10  days,  during  which  time  no  oviposition  substrate  was  available. 

Fed  females  from  the  long  photophase  control  were  held  at  their  pre-feeding 
conditioning  regime:  15:9  L:D,  15°C.  Both  short-photophase  subgroups 
(i. _e. , the  low  temperature  controls  and  the  experimental  groups  which 
had  been  transferred  to  25°C  for  varying  lengths  of  time)  were  held  at 
9:15  L:D,  15°C.  After  10-day  holding  period,  all  females  were  dissected 
and  examined  for  ovarian  development. 

The  results  of  the  dissections  of  unfed  females  are  shown  in  Fig.  3. 

At  the  time  of  the  separation  of  the  short  photophase  females  into  2 sub- 
groups, the  mean  follicle  length  for  these  females  was  0.031  mm.  The 
long  photophase  females  had  ovaries  with  mean  follicle  lengths  of  0.072  mm. 
The  Christopher  stages  were  No2-N  for  short  photophase  females,  Ila  for 
long  photophase.  These  stages  represent  pre-resting  and  resting  stages, 
respectively.  The  presence  of  pre-resting  stages  at  7 days  after  adult 
emergence  characterizes  ovarian  diapause.  Follicle  lengths  for  the  2 
control  groups  did  not  change  significantly  over  a period  of  5 days. 

Females  from  the  short  photophase  control  group  had  ovaries  with  follicles 
which  had  grown  slightly  to  a mean  of  0.036  mm,  after  5 days  of  sampling, 
or  12  days  post-adult  emergence.  Nearly  all  follicles  at  this  time  were 
classified  as  N (pre-resting).  Long  photophase  controls  had  follicles 
with  a mean  length  of  0.073  mm  at  this  time. 

The  experimental  group's  ovaries  gradually  grew  so  that  3 days  after 
being  transferred  to  25°C,  their  follicles  were  the  same  length  and  stage 
as  those  of  the  long  photophase  controls.  After  1 day  of  being  held  at 
25°C,  all  follicles  were  at  stage  I,  and  after  2 days  no  follicles  had 
progressed  past  this  stage  although  there  was  a mean  increase  from  0.050  mm 
to  0.066  mm. 

The  results  of  the  blood  feeding  trials  and  subsequent  determination 
of  ovarian  development  are  shown  in  Table  4.  At  the  time  of  the  first 
blood  feeding  trial  (day  7 post-emergence)  only  5%  of  the  short  photo- 
phase females  took  a bloodmeal  compared  with  78%  of  the  long  photophase 
j'  u,>.  Of  those  taking  full  bloodmeals,  80%  of  the  short  photophase 
»r  Mr  displayed  gonotrophic  dissociation,  compared  with  0%  of  the  long 

4 


photophase  group.  After  3 days  of  warming,  the  percentage  of  short  photo 
phase  females  taking  blood  had  risen  to  45%,  but  40%  of  these  showed 
gonotrophic  dissociation.  Even  after  4 days,  when  blood  feeding  took 
place  in  74%  of  the  females,  short  photophase  gonotrophic  dissociation 
occurred  in  1/4  of  these  taking  blood.  After  5 days,  there  were  no  dif- 
ferences between  the  2 groups.  The  suppression  of  blood  feeding  and 
ovarian  diapause  would  appear  to  be  reinforcing  phenomena  associated  with 
hibernation,  rather  than  2 antagonistic  factors.  Furthermore,  blood 
feeding,  rather  than  preventing  successful  hibernation,  would  seem  to 
contribute  to  it. 

3.  Potential  of  Aedes  sollicitans  and  Aedes  taeniorhynchus  for 
the  transmission  of  Keystone  and  Jamestown  Canyon  viruses 

Two  California  encephalitis  group  arboviruses.  Keystone  (KEY)  and 
Jamestown  Canyon  (JC) , are  enzootic  in  the  Pocomoke  Cypress  Swamp  (PCS) 
in  Southern  Maryland.  Aedes  atlanticus  is  the  principal  vector  of  KEY 
virus  in  the  PCS  in  a cycle  that  involves  either  gray  squirrels  and/or 
cottontail  rabbits  as  vertebrate  hosts  of  the  virus.  Furthermore, 

A.  atlanticus  has  been  demonstrated  to  transmit  KEY  transovarially . 

During  1976  natural  infections  of  cottontail  rabbits  with  KEY  virus  on 
Assateague  Island,  Virginia  were  demonstrated,  however  this  is  an  area 
where  neither  A.  atlanticus  nor  gray  squirrels  are  known  to  occur. 
Therefore,  since  Aedes  sollicitans  and  A.  taeniorhynchus  are  two  of  the 
most  abundant  mosquito  species  on  Assateague  Island,  and  assessment  of 
their  vector  competence  was  undertaken.  Mosquitoes  collected  from  salt 
marshes  near  Assateague  were  fed  defibrinated  chicken  or  guinea  pig 
blood-virus  mixtures  and  maintained  in  the  insectary  at  25°C  for  14  days 
before  being  sacrificed  for  virus  assay. 

Following  ingestion  of  3.1  log^QSMICLD^Q  of  KEY  virus,  75%  of  the 
A.  taeniorhynchus  and  all  of  the  A.  sollicitans  became  infected  (Table  5) 
The  infection  rates  of  A.  taeniorhynchus  fed  on  lower  concentrations  of 
KEY  virus  were  significantly  lower.  The  small  numbers  of  A.  sollicitans 
available  permitted  testing  at  only  a single  virus  concentration. 

The  quantities  of  KEY  virus  recovered  from  individual  mosquitoes 
after  extrinsic  incubation  periods  of  up  to  14  days  are  presented  in 
Table  6.  The  pattern  and  magnitude  of  virus  recovery  differed  for  the 
two  species  even  though  they  ingested  comparable  concentrations  of  virus. 
That  multiplication  of  KEY  virus  occurred  in  A.  sollicitans  is  indicated 
by  the  average  infectivity  titers  which  were  greater  than  2.7  on  day  5 
compared  to  1.7  on  day  0.  On  days  5 and  7 average  infectivity  titers 
for  A.  taeniorhynchus  were  lower  than  for  A.  sollicitans , but  by  day  14 
virus  titers  were  highest  in  the  former  species. 

The  infection  rates  of  A.  taeniorhynchus  and  A^_  sollicitans  after 
ingesting  JC  virus  are  presented  in  Table  7.  All  of  the  A.  sollicitans 
add  A.  taeniorhynchus  tested  became  infected  after  ingesting  blood  con- 
taining 3.5  ldg^oSMICLD^g  of  JC  virus.  Infectivity  titers  observed  for 
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individual  A.  sollicitans  and  A.  taeniorhynchus  after  various  incubation 
periods  were  indicative  of  virus  replication  (Table  8) . 

4.  Field  studies  of  populations  of  gray  squirrels  and  Aedes 
atlanticus 


Serological  surveillance  studies  conducted  during  1972  and  1973  on 
the  eastern  shore  of  Maryland  indicated  that  infections  with  Keystone 
(KEY)  virus  were  occurring  in  gray  squirrels.  Subsequent  laboratory  ex- 
periments demonstrated  that  squirrels  develop  a viremia  following  inocu- 
lation with  KEY  virus.  In  addition,  mosquito  host  preference  studies 
showed  that  A.  atlanticus  feeds  on  squirrels  in  nature. 

A total  of  83  different  gray  squirrels  were  captured  in  the  Pocomoke 
Cypress  Swamp  between  May  and  September  1976.  Thirty  of  these  had  been 
trapped  previously  in  1975.  Thirty-one  of  the  53  (58%)  squirrels  captured 
initially  in  1976  were  negative  for  KEY  antibody  when  the  first  blood 
sample  was  taken.  Eleven  of  these  squirrels  (35.5%)  were  recap '.ured  at 
least  once  during  the  summer.  Only  one  of  these  squirrels,  an  adult 
male,  developed  serum  neutralizing  antibody  after  the  initial  blood 
sample.  This  squirrel  seroconverted  between  15  July  and  29  July  1976, 
at  a time  when  Aedes  atlanticus  adults  were  present  in  the  study  area, 
although  in  very  low  numbers.  This  low  seroconversion  rate  provides  an 
interesting  comparison  with  the  1975  season,  when  a very  large  hatch  of 
A.  atlanticus  occurred.  During  that  year,  seroconversion  rates  in  the 
gray  squirrel  population  followed  the  A.  atlanticus  population  density 
very  closely.  Seroconversion  rates  increased  rapidly  in  1975  from  10% 
during  the  first  week  after  A.  atlanticus  emergence  to  a rate  of  70%  or 
greater  during  the  period  of  peak  A.  atlanticus  abundance.  In  1976,  no 
significant  hatch  of  A.  atlanticus  occurred  in  the  study  area,  and  there 
was  not  a significant  gray  squirrel  seroconversion  during  the  season, 
supporting  the  hypothesis  that  A.  atlanticus  is  the  primary  vector  of 
KEY  virus  to  gray  squirrels  in  the  PCS. 

5.  Bionomics  of  Floodwater  Mosquitoes 

Field  collections  of  eggs  of  the  floodwater  mosquito  Aedes  canadensis, 
coupled  with  laboratory  respiration  rate  studies  of  diapausing  and  non- 
diapausing  eggs,  were  undertaken  in  an  effort  to  discover  the  environmental 
factors  inducing  embryonic  diapause  in  nature.  An  understanding  of  these 
factors  is  required  in  order  to  forecast  mosquito  population  trends  and 
design  control  strategies. 

Eggs  were  collected  from  female  Aedes  canadensis  taken  from  the 
Pocomoke  Cypress  Swamp  study  area  and  divided  into  two  treatment  groups. 

One  group  (non  diapausing)  was  held  at  15:9  L:D,  25°C,  and  a second 
group  (diapausing)  at  9:15  L:D,  25°C  for  10  days  prior  to  being  tested. 
Embryonic  respiration  rates  for  diapausing  and  non-diapausing  A.  canadensis 
embryos  were  measured  using  Warburg  manometry. 


A measurable  difference  was  detected  in  respiration  rates  between 
diapausing  and  non-diapausing  eggs.  For  example,  1010  eggs  which  had 
been  held  at  15:9  L:D  for  10  days  and  1025  eggs  collected  at  the  same 
time,  but  held  at  9:15  L;D  for  10  days,  showed  oxygen  consumption  rates 
of  .0054  pi  02/eggs  per  hour  and  .0042  pi  02/egg,  respectively.  When 
these  eggs  were  flooded  with  nutrient  broth  the  hatch  rate  for  the  15.9 
treatment  was  62.9%,  compared  to  1.7%  for  the  eggs  held  at  9:15. 

6.  Ecology  of  Keystone  virus  in  the  Pocomoke  Cypress  Swamp 

Transovarial  transmission  of  Keystone  (KEY)  virus  in  Aedes  atlanticus 
is  an  important  factor  in  the  perpetuation  of  that  virus  in  the  Pocomoke 
Cypress  Swamp  (PCS) , especially  during  the  winter  season  (Le  Due  £t  a^. , 
1975) . The  infection  rate  of  KEY  virus  relative  to  A.  atlanticus  larval 
age  and  factors  affecting  larval  abundance  were  investigated  in  1976  and 
1977  in  the  PCS.  During  this  period  parallel  studies  to  assess  the 
effect  of  temperature  on  developmental  time  and  survivorship  in 
A.  atlanticus  were  also  carried  out  in  the  laboratory  under  controlled 
conditions.  A simulation  model  of  the  larval  population  dynamics  of 
A.  atlanticus  has  been  constructed  for  prediction  of  larval  abundance 
and  for  later  incorporation  into  a model  of  KEY  virus  prevalence. 

2 

Field  studies  of  A.  atlanticus  were  carried  out  in  a 4000  m area 
of  upland  forest  ("Atlanticus  North")  adjacent  to  the  western  edge  of 
the  PCS  (Fig.  4).  The  number  of  larvae  per  m^  of  ground  pool  was  esti- 
mated using  an  area  sampler  modified  from  the  device  of  Roberts  and 
Scanlon  (1974),  and  the  Wilding  sampler  (Southwood  1966).  Air,  ground 
and  water  temperatures,  relative  humidity  and  rainfall  were  monitored 
at  two  points  ("Pasture  Point"  and  "Atlanticus  East"  in  Fig.  4)  during 
the  period  of  these  studies  (Figs.  5,  6).  During  1976  rain  fell  four 
times  on  the  PCS  in  sufficient  volume  to  flood  A.  atlanticus  breeding 
sites  and  produce  egg  hatches  (Fig.  7),  however  the  water  from  three  of 
these  rainfalls  (August  8,  15  and  28)  receded  before  the  larvae  reached 
maturity.  The  larvae  that  emerged  following  the  rainfall  of  3 October 
failed  to  complete  their  development  because  of  cold  weather. 

Following  the  October  hatch,  larval  counts  were  made  at  50  to  75 
randomly  selected  locations  daily  with  the  aid  of  the  area  sampler.  Ob- 
servations were  begun  when  larvae  reached  the  second  instar.  The  number 
of  larvae  per  m^  was  estimated  initially  at  120,  but  the  numbers  observed 
declined  to  60/m2  and  then  increased  to  120/m^  7 days  after  observations 
were  begun  (Fig.  8).  Extrapolating  from  the  area  samplings,  the  population 
of  the  whole  "Atlanticus  North"  site  was  comprised  of  approximately 
320,000  second  stage  larvae  initially,  declined  sharply  during  the  next 
two  days  and  then  stabilized  on  8 October  at  120,000  larvae  (Fig.  9). 

Laboratory  studies  on  the  effects  of  temperature  on  developmental 
time  were  carried  out  with  larvae  of  A.  atlanticus  from  eggs  laid  by 
females  collected  in  the  vicinity  of  Snow  Hill,  Maryland  during  August 
and  September  1976.  Larvae  were  were  reared  under  constant  temperatures 
of  19°,  22°,  25°  and  26°C  and  a 15:9  L:D  photoperiod.  Developmental 
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time  from  flooding  to  adult  emergence  ranged  from  8 days  at  26°C  to  15 
days  at  19°C  (Table  9) . The  estimated  developmental  threshold  for  these 
larvae  was  14°C,  and  14-degree-days  above  the  threshold  were  required 
for  the  completion  of  each  instar.  Pupal  development  velocity  was  not 
related  linearly  to  temperature;  three  days  were  required  to  complete 
pupation  at  19°C,  but  only  2 days  at  22°,  25°  and  26°C.  The  larvae 
reared  at  22°,  25°  and  26°  experienced  a constant  mortality  rate  through- 
out development  (Fig.  10),  while  those  maintained  at  19°C  experienced  a 
change  in  mortality  rate  at  41°D  (day  8).  The  slopes  for  9.2  to  37°D 
(days  1-7)  and  41  to  80°D  (days  8-15)  are  -0.0423  (r2=0.99)  and  -0.0102 
(r2=0.97),  respectively,  and  are  significantly  different  from  each  other 
(P<0.01).  41°D  is  the  first  time  during  the  experiment  when  numbers  of 

fourth  instars  exceeded  numbers  of  third  instars.  Therefore,  at  19°C 
and  described  experimental  conditions,  the  mortality  rate  per  degree  day 
of  instars  1 to  3 is  approximately  four  times  that  of  fourth  instars  and 
pupae. 

Survivorships  for  each  stage  and  total  immatures  at  the  four  con- 
stant temperatures  are  summarized  in  Table  10.  Survivorships  ranged  from 
0.57  for  first  instars  at  22°C  to  1.00  for  fourth  instars  at  25°C.  Sur- 
vivorships for  instars  1 and  2 at  19°C  are  approximately  0.25  lower  than 
for  older  age  classes.  The  first  two  age  classes  also  exhibit  lowest 
survivorship  of  mean  survivorship  for  each  age  class.  Calculated  survivor- 
ship for  first  instar  to  adult  compares  well  with  observed  values.  Sur- 
vivorship of  second  to  third  instars  in  the  field  was  0.16,  a value  much 
lower  than  the  average  of  0.74  observed  in  the  laboratory.  Field  survivor- 
ship would  be  anticipated  to  be  lower,  however,  since  larvae  were  exposed 
to  predation,  crowding  and  other  environmental  insults  not  encountered  in 
the  laboratory.  Crowding  appears  not  to  have  been  detrimental  to  larval 
abundance  at  observed  field  densities,  however,  unless  it  contributed  to 
the  high  mortality  rate  of  second  instars.  After  a sharp  drop  in  numbers 
of  larvae  per  m2  (Fig.  9)  the  numbers  of  larvae  in  the  study  area  stabilized 
by  7 October  (Fig.  9)  while  number  of  larvae  per  m2  increased.  As  area 
flooded  declined  (Fig.  7)  the  density  of  larvae  per  m2  increased  by 
12  October  to  the  initial  observed  value. 

Minimum  infection  rates  (MIR)  virus  for  different  aged  A.  atlanticus 
are  summarized  in  Table  11.  These  rates  are  based  on  microtiter  cell 
culture  and  plaque  assay  results  only.  One  isolation  was  made  from  adult 
females  but  none  from  males.  The  MIR  in  fourth  instars  is  significantly 
larger  than  that  of  second  instars  (p<0.05).  However,  this  difference  may 
result  from  the  variation  in  pooling  methods  for  second  and  fourth  instars. 
The  minimum  infection  rate  for  combined  larvael,  0.00131,  is  similar  to 
that  of  0.00193  previously  reported  for  third  and  fourth  instar 
A.  atlanticus  collected  in  the  PCS  in  1973  (LeDuc  et  al  1975).  In  1975, 
adult  female  Aedes  atlanticus  were  collected  by  light  trap  every  two  days 
in  the  PCS  and  pooled  for  virus  assay  (1975-76  Annual  Report,  Dept,  of  En- 
tomology). Eighty  virus  isolations  were  made.  To  date  20  of  these 
isolates  have  been  tested  and  identified  by  PRNT  as  KEY  virus  (Table  12). 
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A simulation  model  of  Aedes  atlanticus  larval  population  dynamics 
has  been  constructed  to  facilitate  the  organization  of  research,  hypoth- 
esis testing  and  prediction  of  larval  abundance.  The  model  has  been 
designed  as  a module  which  could  later  be  incorporated  into  a comprehen- 
sive model  of  KEY  virus  prevalence. 


For  the  construction  of  this  model,  the  larval  A.  atlanticus  popula- 
tion was  viewed  as  represented  in  (Fig.  11).  The  objective  of  the  model 
is  to  simulate  the  number  of  individuals  in  each  age  class  per  km^  of 
breeding  area.  The  parameters  used  for  input  into  the  model  were: 


1)  number  of  age  classes 

2)  degree-day  increment 

3)  survivorship  through  an  age  class 

4)  mortality  rate  for  each  age  class 

5)  developmental  time  of  each  age  class  in  degree-days  above  threshold 

6)  developmental  temperature  threshold  for  each  age  class 

7)  maximum  number  of  degree-days  and  real  days  of  desired  simulation 

8)  mean  environmental  temperature  for  each  day  of  simulation 

9)  rainfall  for  each  day  of  simulation 

10)  initial  area  flooded  in  m^ 

11)  m2/day  drying 


Basic  assumptions  were  that  1)  thermal  constants  determined  in  the 
laboratory  apply  in  the  field  and,  2)  considering  survivorship  within  an 
age  class  constant  is  a reasonable  approximation  to  reality. 


The  model  has  been  programmed  in  FORTRAN  IV  for  the  CDC  3500  computer. 
Every  5 degree-days  the  program  outputs  1)  cumulative  degree-days  above 
threshold  2)  cumulative  days  in  real  time  and  3)  number  of  square  meters 
of  breeding  area  flooded  and  4)  number  of  mosquitoes  in  each  age  class/m^ 
of  flooded  breeding  area  and  per  km  of  total  breeding  area. 


The  general  equations  used  are  of  the  form 

xj  (t+1)  ={!  — <(>+  xj(t))C 

where  x = number  of  individuals/m^ 
j = age  class 

t = time  in  degree  - days  above  threshold 
I «*  number  entering  age  class  j 
<f>  = number  leaving  age  class  j 

C = the  factor  by  which  larvae  are  concentrated  or  diluted  due  to 
changing  pool  size. 


The  number  entering  a stage,  Xj  , results  from  maturation  of  individ- 
uals in  the  previous  stage,  xj  Ij  = s^  x^  (t-K^) 

where  s^  is  survivorship  rate  of  x^  to  xj ; t is  time  in  cumulative  de- 
gree-days > t0  and  Kj  is  the  thermal  constant  for  stage  i.  The  notation 
(t-Kj)  means  that  only  those  individuals  that  have  been  in  age  class  i 
for  degree-days  are  ready  to  mature  to  age  class  j . Developmental 
time  lags  are  generated  by  this  mechanism. 


= the  number  of  individuals  in  age  class  j old  enough  to  mature 
to  the  next  age  class  plus  those  dying  in  age  class  j . 


♦j  = xj  (sj  + uj> 


where  sj  is  survivorship  of  stage  j and  uj  is  mortality  rate.  This  equa- 
tion states  that  only  those  individuals  which  have  been  in  stage  j for 
Kj  degree-days  are  ready  to  mature  to  the  succeeding  age  class.  Also, 
mortality  in  age  class  j falls  entirely  on  the  oldest  group  of  individuals. 


c = (pool  area  at  t)/(pool  area  at  t + 1) 


The  equation,  then,  for  the  number  of  indlvuals  per  mz  for  any  instar,  j, 
at  time  t+1  is 


Xj(t  + 1)  = (s.^  xA  (t-K^)  - xj  (t-Kj)  (sj  + Uj)  + x j ( t ) } c 

Currently  the  model  is  being  validated  for  laboratory  constant  temperature 
studies  and  will  be  further  tested  with  data  from  the  Pocomoke  Cypress 
Swamp . 


7.  Studies  of  trombiculid  mite  vectors  of  rickettsioses 


Since  October  1975,  laboratory  studies  have  been  conducted  to  deter- 
mine the  mite-host-rickettsial  interactions  required  for  transmission  of 
Rickettsia  tsutsugamushi  from  one  mite  generation  to  the  next  and  from 
mite  to  vertebrate  host.  Additionally,  variation  in  the  rickettsial 
strains  transmitted  by  laboratory  colonies  of  Leptotrombidium  spp.  are 
being  evaluated  (Table  13) , and  infected  mites  have  been  used  to  provide 
a "natural  challenge  of  candidate  vaccines  in  laboratory  animals.  The 
stylostomes  (feeding  tubes)  of  these  mites  were  studied  to  determine  the 
histological  changes  in  parasitized  mouse  skin  and  investigate  the  pos- 
sible importance  of  stylostome  characteristics  to  transmission  of 
I*,  tsutsugamushi. 


Unengorged  larvae  were  applied  to  the  ears  of  white  mice  which  were 
sacrificed  at  periodic  intervals.  Infested  ears  were  excised,  fixed, 
and  serially  sectioned.  The  resulting  sections  were  stained  either  with 
hematoxylin  and  eosin  or  Giemsa  stain. 


At  24  hours  after  attachment  of  trombiculid  larvae  to  the  ears  of 
white  mice  stylostomes  were  well  formed.  Based  on  distinctive  morphologic 
differences,  it  was  possible  to  classify  these  stylostomes  into  3 types 
(Fig.  12).  An  epidermal  stylostome  (Fig.  13)  was  formed  by  L.  intermedium 
larvae.  It  was  a cone-shaped  structure  consisting  of  a central  canal, 
an  inner  wall  of  chromophobic  materials  and  an  outer  wall  of  incorporated 
host  epidermal  tissue.  This  type  of  stylostome  did  not  extend  beyond  the 
epidermal-dermal  junction.  The  larvae  of  L^.  f letcheri  formed  a mesenchy- 
mal stylostome  (Fig.  14).  This  type  of  stylostome  seemed  to  evoke  a 
marked  chemotactic  effect  on  leukocytes  and  was  completely  surrounded  by 
a dense  aggregate  of  inflamatory  cells.  An  extension  of  this  feeding 
tube  penetrated  the  dermal  layer  along  with  the  sheath  of  inflamatory  cells. 
The  mixed  type  of  stylostome  was  characteristic  of  L.  arenicola  and 
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L,  deliense  larvae.  This  stylostome  was  similar  to  the  epidermal  type 
in  the  epidermal  portion  and  showed  characteristics  of  the  mesenchymal 
stylostome  in  the  dermal  portion  (Fig.  15).  Dermal  inflamation  seen  in 
the  mixed  stylostome  appeared  to  be  intermediate  in  severity  between 
those  of  the  epidermal  and  mesenchymal  stylostomes. 

Lesions  resulting  from  the  feeding  of  R.  tsutsugamushi-infected  and 
noninfected  L.  f letcheri  were  compared.  Both  produced  typical  mesenchymal 
stylostomes,  and  the  presence  of  R.  tsutsugamushi  in  the  chigger  did  not 
appear  to  alter  the  histologic  picture  at  the  site  of  feeding.  Small 
particles  resembling  rickettsiae  were  observed  in  large  mononuclear  cells 
adjacent  to  stylostomes  of  infected  larvae  in  Giemsa-stained  sections. 


The  only  species  studied  that  produced  an  epidermal  stylostome,  viz. 
L.  intermedium,  has  never  been  shown  to  transmit  R.  tsutsugamushi . 

L.  f letcheri,  L.  arenicola  and  L.  deliense,  all  proven  vectors,  form 
mesenchymal  or  mixed  types  of  stylostomes.  The  induction  of  inflammatory 
changes  in  tissues  adjacent  to  the  feeding  tube  seemed  favorable  both  for 
uptake  of  rickettsiae  from  infected  hosts  and  for  rickettsial  transmission 
to  the  host.  Since  the  mesenchymal  and  mixed  stylostomes  caused  more 
severe  inflammation,  penetrated  deeper  into  the  host  tissue  and  left 
residual  granulomatous  foci,  species  producing  these  types  of  stylostomes 
would  appear,  on  an  anatomical  basis,  to  have  a greater  vector  capacity. 


There  is  increasing  evidence  that  the  mite  is  the  host,  vector  and 
reservoir  of  scrub  typhus.  Infected  mites  represent  a very  different 
reservoir  of  scrub  typhus.  Infected  mites  represent  a very  different 
rickettsial  maintenance  system  from  that  of  culture  media  or  vertebrate 
hosts.  Marked  physiological  changes  take  place  during  the  six  life 
stages  of  the  mite.  Also,  each  mite  stage  assumes  the  approximate  tem- 
perature of  its  microenvironment.  It  is  not  unreasonable,  therefore,  to 
expect  some  variations  among  artifically  passed  and  naturally  maintained 
strains  of  R.  tsutsugamushi . 

During  this  reporting  period,  infected  L.  arenicola  invariably 
transmitted  lethal  FI.  tsutsugamushi  infections  to  C3H  mice  (Table  14). 

While  the  exact  quantity  of  rickettsiae  transmitted  by  an  individual 
chigger  has  not  been  determined,  a dose  response  based  on  the  number  of 
infected  larvae  per  mouse  was  observed. 

By  contrast,  the  strain  of  R.  tsutsugamushi  in  the  infected 
L.  f letcheri  colony  failed  to  kill  C3H  mice  infected  by  larval  feeding. 

Up  to  50  infected  larvae  were  applied  to  an  individual  mouse  to  achieve 
an  increased  dosage  of  rickettsiae  but  no  lethal  infection  was  established. 

The  strains  of  R.  tsutsugamushi  in  both  infected  mite  colonies  were 
found  to  be  a very  similar  to  the  classical  Karp  strain  by  fluorescent  an- 
tibody typing  (Robinson  et  al,  In  press;  Robinson,  personal  communication). 
A TA763  strain  component  was  also  present  in  the  strain  carried  by 
L.  arenicola  (Robinson  et  al,  In  press). 
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Preliminary  comparisons  were  made  of  the  2 mite  strains  of  rickett- 
siae  transmitted  by  larval  feeding  using  cross  protection  tests  (Table  15) . 
Five  infected  L.  arenicola  larvae  were  allowed  to  engorge  on  each  of  12 
C3H  mice.  From  day  8,  the  mice  were  given  prophylactic  Chloromycetin  at 
a rate  of  2.5  mg/ml  in  their  drinking  water  for  21  days.  Seven  days 
after  the  treatment  was  discontinued,  the  mice  were  challenged  with  a 
standard  dose  (IO^^IPLD^q  of  the  Karp  strain  grown  in  yolk  sack  suspen- 
sion. All  of  the  mice  survived.  Five  L.  f letcheri  larvae  from  the 
infected  colony  were  fed  on  each  of  10  C3H  mice.  After  21  days,  these 
mice  were  challenged  by  feeding  5 L.  arenicola  larvae  from  the  infected 
colony  on  each  mouse.  Two  mice  died  of  nonspecific  causes  relating  to 
necessary  laboratory  handling  before  the  L.  arenicola  larvae  had  fed  to 
repletion.  The  remaining  8 mice  survived  and  were  challenged  a second 
time  with  standard  Karp  42  days  after  the  initial  L.  f letcheri  feeding. 

All  8 of  the  mice  suriwed. 

In  a preliminary  evaluation  of  an  experimental  vaccine  which  included 
the  standard  Karp  strain,  5 infected  L^.  arenicola  larvae  were  fed  on  each 
of  10  vaccinated  mice.  None  of  these  mice  survived,  although  10  other 
control  mice  vaccinated  with  the  same  vaccine  survived  a simultaneous 
standard  Karp  challenge. 

These  preliminary  experiments  confirm  the  original  field  observations 
of  earlier  workers  (Irons,  1946;  Rights  and  Smadel  1948)  that  strains  of 
R.  tsutsugamushi  vary  greatly  from  one  locale  to  the  next.  This  varia- 
tion provides  a plausible  explanation  for  the  failure  of  early  experimen- 
tal vaccines  to  protect  test  subjects  exposed  to  natural  infection  in  the 
field  by  strains  not  contained  in  the  test  vaccines. 
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TABLE  1 


outbreak.  Collections  were  from  the  Wash.  D.C.  area  and  antigen  was  prepared  from  low  mouse  brai 
passage  material. 

Reciprocal  of  HMAF  dilution  exhibiting  <50%  lysis  at  an  optimal  antigen  dilution  using  5 units  of 


Bloodfeeding  and  ovarian  development  In  female  Culex  pi plena  expoaed  to  dlapauae-inducing 
condltiona  (L:D  9:15,  15°C)  from  pupal  8tage  to  7th  day  of  adult  life,  then  warmed  to  25°C 

for  from  1 to  7 daya 


■ r 


Each  group  compriaed  of  100  femalea 
Of  thoae  taking  full  blood  meal 


TABLE  5 


Infection  rates  of  mosquitoes  after  ingesting  Keystone  Virus 


Mosquito 

Species 

Virus 

Dos ek! 

Extrinsic  Incubation 
Period  (Days).?/ 

Infection 

Rate 

A.  taeniorhynchus 

3.1 

5,  7,  14 

9/12 

(75%) 

2.0 

7,  14 

1/8 

(13%) 

1.8 

5,  7,  14 

1/10 

(10%) 

A.  sollicitans 

3.1 

5,  7,  14 

12/12 

(100%) 

^Log^QSMICLD^g/ .03  ml 


Extrinsic  incubation  period,  approximately  same  number  of  mosquitoes 
assayed  on  each  day 


TABLE  6 


Keystone  virus  infectlvity  titers  determined  for  individual  mosquitoes 


Mosquito 

Virus 

Extrinsic  Incubation  Period  (Days) 

Species 

Dosei7 

0 

3 

5 

7 

14 

A.  taeniorhynchus 

3.1 

1.4(A)— 7 

1.4(3) 

0.6(1) 

1.2(4) 

3.0(2) 

A.  sollicitans 

3.5 

1.7(4) 

2.5(4) 

2.7(4) 

2.5(4) 

1.9(4) 

- Log1()SMICLD50/03  ml 

2/ 

— Average  infectlvity  titer,  log  qSMICLD,q/03  ml,  ( ) number  of  indivi- 

dual mosquitoes  tested.  Logioailutions  of  mosquito  suspension  were  made 
through  10"  ^ at  which  point  100%  of  the  mice  died  for  some  specimens, 
thus  the  SMICLD^q  was  greater  than  the  values  presented. 
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TABLE  7 


Infection  rates  of  mosquitoes  after  ingesting  Jamestown  Canyon  virus 


Mosquito 

Species 

Virus 

Dosei/ 

Extrinsic  Incubation 
Period  (Days).?/ 

Infection 

Rate 

A.  taeniorhynchus 

3.5 

5,  7,  14 

12/12  (100%) 

3.0 

7,  14 

3/5  )60%) 

A.  sollicitans 

3.5 

5,  7,  14 

12/12  (100%) 

^og1()SMICLD50/.03  ml 

2/ 

—Extrinsic  incubation  period,  approximately  same  number  of  mosquitoes 
assayed  each  day. 


TABLE  8 


Jamestown  Canyon  virus  infectivlty  titers  determined  for 
Individual  mosquitoes  . 


Mosquito 

Virus 

Extrinsic  Incubation  Period  (Days) 

Species 

Dosei^ 

0 

3 

5 

7 

14 

A.  solllcltans 

3.5 

1.9(4)—^ 

>2.3(4) 

>2.3(4) 

3.2(4) 

>2.8(4) 

A.  taeniorhvnchus 

3.5 

2.4(4) 

1.3(4) 

1.5(4) 

2.8(4) 

>3.0(4) 

^Log1QSMICLDj0/03  ml 
2 

Average  infectivlty  titers,  log  SMICLD  Qi£03  ml,  ( ) number  of  Individual 

mosquitoes  tested 


i 


t 

\ 

i 
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TABLE  9 

Developmental  Time  of  Aedes  atlanticus  at  Four  Constant  Temperatures 


•Developmental  Time  (Days) 


Mean 

Temp. 

Number 

Day  2 

of  Mosquitoes 

Final 

1 

Instar 

2 3 

4 

Pupa 

Total** 

1 

19.3 

268 

53 

2 

3 

3 

3 

3 

15 

22.4 

93 

17 

3 

1 

2 

2 

2 

11 

25.2 

60 

IS 

2 

1 

2 

2 

2 

10 

26.2 

71 

19 

1 

1 

1 

1 

2 

8 

TABLE  10 

Survivorship*  of  Immature  Aedes  atlanticus  at  Four  Constant  Temperatures 


Temp 

(°c) 

Ins tar 

1 2 

3 

4 

Pupa 

Total 

Immatures 

Observed 

Total 

19 

0.645 

0.600 

0.894 

0.884 

0.909 

0.194 

0.20 

22 

0.569 

0.797 

0.869 

0.849 

0.849 

0.179 

0.18 

25 

0.833 

0.833 

0.833 

1.000 

0.809 

0.319 

0.25 

26 

- 

0.718 

0.793 

0.759 

0.806 

0.278 

0.27 

X 

0.682 

0.737 

0.848 

0.873 

0.843 

0.243 

0.22 

ax 

0.202 

0.103 

0.042 

0.100 

0.048 

0.067 

0.042 

* Survivorship  * SiKi  where  s - survivorship  per  °D>14°C  for  stage  i,  and 
K - the  thermal  constant  for  stage  i 


TABLE  11 


Minimum  Infection  Rates  of  Keystone  Virus  in  Aedes  atlanticus  larvae 
and  adults  in  the  Pocomoke  Cypress  Swamp  in  1976^ 


Age 

Collection 

Dates^ 

Number 

Tested 

No.  of 
Pools^ 

No . Pos . 
Pools 

MIR2 * 4 

Instar  2 

12-21  Aug 

4850 

194 

5 

0.001031** 

Instar  3 

12  Aug 

1850 

74 

1 

0.00054 

Instar  4 

| 

14-19  Aug 
14-15  Oct 

1725 

69 

5 

0.002901** 

Total  Larvae 

► 

8425 

337 

11 

0.00131 

Adult  99 

19-27  Aug 
14-15  Oct 

925 

37 

1 

0.001081 

Adult  <s<s 

19-27  Aug 
14-15  Oct 

1225 

49 

0 

0 

xBased  on  microtiter  screening  and  plaque  assay  of  second  SMB  passage 
2 

Date  of  collection  for  larvae;  date  of  emergence  in  lab  for  adults 

2 

Humber  of  mosquitoes/pool  = 25 

SllR  = No.  pos.  pools/No.  Mosquitoes  tested 
**  Different  from  each  other  at  the  5%  level  of  significance 
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TABLE  13 


Colonies  of  Leptotrombldluro  Studied  During  FY  76 


Species 

Country  of 
Origin 

Vector 

Status 

Remarks 

L.  fletcheri* 

Malaysia 

+ 

Not  infected  with 

R.  tsutsugamushi 

L.  fletcheri* 

Malaysia 

+ 

Infected  with 

R.  tsutsugamushi 

L.  arenicola* 

Malaysia 

+ 

Not  infected  with 

R.  tsutsugamushi 

L.  arenicola* 

Malaysia 

+ 

Infected  with 

R.  tsutsugamushi 

L.  deliensis* 

Malaysia 

+ 

Non- infected 

L.  intermedium** 

Japan 

? 

Non-inf ected 

* Obtained  from  the  United  States  Army  Medical  Research  Unit  in  Malaysia 
(Rapmund  et  al.  1969;  Roberts  and  Robinson,  1977) 


**  Obtained  from  Dr.  R.  Traub,  Univ.  of  Maryland,  Baltimore,  MD 


**  Some  fully  engorged  chiggers  were  recovered  from  each  mouse 
***  An  engorged  larva  was  recovered  from  each  mouse  considered  in  this  group. 


Challenge  dose  10  (IPLD 


Captions  for  Figures 
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Figure  1.  Location  of  six  former  U.S.  Army  Forts  where  overwintering 
mosquitoes  were  collected. 

Figure  2.  Diagram  of  experimental  treatment  schedule  used  to  determine 
effects  of  photoperiod  and  temperature  upon  ovarian  diapause  in 
Culex  pipiens . 

Figure  3.  Length  of  ovarian  follicles  of  non-blood-fed  Culex  pipiens 

females  1 to  7 days  after  transfer  from  conditions  of  L:D  9:15  15°C 
to  L:D  9:15,  25°C.  Long  and  short  photophase  controls  maintained  at 
15°C  continuously.  Ranges  and  means  of  lengths  of  5 follicles  from 
each  of  5 mosquitoes  shown. 

Figure  4.  Map  of  Pocomoke  Cypress  Swamp  Study  Area,  Worcester  County, 
Maryland. 

Figure  5.  Mean  weekly  air  temperature  at  Pasture  Point  in  1976. 

Figure  6.  Summary  of  rainfall,  water  temperature  and  Aedes  atlanticus 
hatches  in  Aug  - Oct,  1976  in  PCS.  Larvae  histograms  indicate 
presence  of  specified  stage  only,  not  abundance. 

Figure  7.  Surface  area  flooded  at  "Atlanticus  North"  after  2 major  rain- 
falls in  1976. 

2 

Figure  8.  Number  of  Aedes  atlanticus  larvae  per  m at  "Atlanticus  North" 
in  October,  1976. 

2 

Figure  9.  Total  number  of  A.  atlanticus  larvae  in  the  4000m  study  area 
at  "Atlanticus  North"  in  October  1976. 

Figure  10.  Log-^Q  total  numbers  of  A.  atlanticus  relative  to  accumulated 
degree-days  >14°C  in  four  constant  temperature  experiments. 

Figure  11.  Schematic  of  life  system  of  Aedes  atlanticus  larvae.  Blocks 
are  numbers  of  larvae  in  a specified  area.  Arrows  represent  move- 
ment of  individuals.  The  area  within  the  dotted  line  is  the  larval 
life  system. 

Figure  12.  Types  of  stylostomes  (feeding  tubes)  produced  by  Leptotrombidium 
spp.  larvae:  The  epidermal  stylostome  of  L^.  intermedium,  the 
mesenchymal  stylostome  of  JL.  f letcheri  and  the  mixed  stylostome  of 
L.  arenicola  and  L.  deliense  are  illustrated. 

Figure  13.  An  epidermal  stylostome  of  Leptotrombidium  intermedium  24  hr. 
after  attachment  on  a mouse,  a.  central  canal;  b.  chromophobic  tube 
c.  epidermal  coat  d.  hyperplastic  epidermis,  e.  tissue  space  at  the 
epidermal-dermal  junction.  Hematoxylin  and  eosin  stain. 
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Figure  14.  A mesenchymal  stylostome  of  Leptotrombidium  f letcher^  opening 
into  the  dermis  of  mouse  ear  tissue  24  hr.  after  attachment,  a. 
central  canal;  b.  chromophobic  tube;  c.  eosinophilic  coat.  Hematoxy- 
lin and  eosin  stain. 

Figure  15.  A mixed  stylostome  of  Leptotrombidium  arenicola  24  hr.  after 
chigger  attachment,  a.  epidermal  portion;  b.  dermal  portion. 
Hematoxylin  and  eosin  stain. 
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23.  (U)  Research  is  directed  toward  investigating  special  areas  of  the  pharmacology  of 
potential  drugs  of  military  importance,  their  interactions,  their  mechanisms  of  action, 
and  the  development,  characterization  and  improvement  of  animal  models  for  defining 
specific  applicable  parameters. 

24.  (U)  Drugs  are  tested  in  animal  models  specifically  designed  to  pinpoint  mechanisms 
of  pharmacological  effects,  effects  on  physiological  responses,  and  effects  on  protozoan 
systems.  In  vitro  models  are  being  used  as  well. 

25.  (U)  76  10  - 77  09  Both  WR  149,024  and  methyl  prednisolone  protected  dogs  from  a 
lethal  dose  of  E.  coli  endotoxin  when  either  drug  was  administered  45  minutes  after 
the  toxin.  Further  investigations  on  WR  2823  indicated  a dose-related  effect  on 
duration  of  blood  pressure  response  with  a less  pronounced  dose  relationship  with  heart 
rate  in  the  cat.  WR  2823  demonstrated  a differential  effect  between  digoxin  toxicity 
and  ouabain  toxicity  in  the  cat.  For  technical  report  see  Walter  Reed  Army  Institute 
of  Research  Annual  Progress  Report,  1 Jul  76  - 30  Sep  77. 
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Associate:  CPT  D.  Korte,  MAJ  B.  Schuster,  Dr.  H.  Lowensohn, 

Dr.  R.  Rozman,  SP4  M.  Neidig 


1 . Description. 

The  basic  research  efforts  of  the  department  are  directed  towards 
several  major  areas.  They  are:  the  pharmacology  of  promising  medici- 
nal agents  and  of  certain  toxic  substances;  drug  interactions  with, 
and  the  nature  of,  adrenergic  receptors;  and  the  development  of  new 
or  modification  of  existing  techniques  to  characterize  drug  effects. 

Appropriate  pharmacological,  physiological,  electrophysiological 
and  biochemical  studies  are  conducted  both  in  vivo  and  in  vitro. 

Many  of  these  studies  emphasize  interactions  of  potential  drugs  with 
standard  pharmacological  agents.  An  important  feature  is  ready 
access  to  the  vast  inventory  of  serially  related  and  diverse 
chemicals  which  can  be  used  in  detailed  studies  of  the  nature  of 
drug  interactions  with  biological  systems. 

2.  Effects  of  WR  149,024  on  lethal  endotoxemia  in  the  dog. 

a.  Background: 

Gram-negative  sepsis  is  still  a major  cause  of  shock  despite 
advances  in  antibiotic  therapy.  Septic  shock  is  characterized  by 
inadequate  tissue  perfusion  resulting  from  increased  peripheral  vas- 
cular resistance,  pooling  of  blood  in  the  microcirculation,  diminished 
cardiac  output  and  tissue  anoxia.  The  vasoactive  phenomena  leading  to 
this  state  of  circulatory  failure  have  been  attributed  to  the  release 
into  the  circulation  of  endotoxin,  the  lipopolysaccharide  moiety  of 
the  gram-negative  bacterial  cell  wall.  Endotoxin  is  thought  to  exert 
its  major  effect  in  arterioles  with  al pha-adrenoreceptor  innervation 
(Petersdorf,  1974).  In  experimental  studies,  this  effect  is  observed 
as  a prolonged  and  deleterious  vasoconstriction  accompanying  a 
massive  sympathetic  discharge  (Spink  et  aj_. , 1966). 

No  single  therapeutic  agent  has  met  with  consistent  success  in 
the  treatment  of  endotoxin  shock.  Since  the  shock  state  is  accompanied 
by  excessive  stimulation  of  the  alpha-adrenergic  receptors,  it  is 
obvious  that  the  sympathomimetic  pressor  agents  so  often  used  in  other 
hypotensive  states  would  be  contraindicated,  since  they  would  further 
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reduce  perfusion  of  vital  organs  (Petersdorf,  1974).  Several  pharma- 
cological agents  (isoproterenol,  dopamine  and  corticosteroids)  have 
had  limited  success  in  the  treatment  of  septic  shock.  This  success 
is  most  often  associated  with  their  prophylactic  use  or  administra- 
tion early  in  the  course  of  the  shock  state.  However,  WR  149,024 
(1 , 1 8-di ami  no-6,1 3-d iaza-9,10-dithiaoctadecane  tetrahydrochloride) 
has  been  shown  to  be  effective  in  preventing  mortality  and  modifying 
cardiovascular  responses  in  a canine  endotoxin  shock  model  (Caldwell 
et  aj_. , 1975).  This  protective  effect  of  WR  149,024  may  be  related 
to  its  reported  production  of  vascular  alpha-receptor  blockade  and 
enhancement  of  ascending  aortic  blood  flow  (Caldwell  et_  al_. , 1972). 

The  studies  with  WR  149,024  (and  most  shock  studies)  involved 
treatment  of  the  animal  with  the  protective  agent  prior  to  the  endo- 
toxin insult.  The  present  study  was  designed  to  determine  the 
effectiveness  of  WR  149,024  when  administered  after  the  endotoxin 
insult.  This  regimen  was  selected  to  approximate  more  closely  the 
conditions  observed  clinically  with  a patient  already  in  septic 
shock.  The  effect  of  methyl  prednisolone  treatment  was  also 
determined  as  a positive  control. 

b.  Materials  and  methods: 

Thirty-six  mongrel  dogs  were  anesthetized  with  sodium  pento- 
barbital (30  mg/kg  i.v.).  The  right  femoral  artery  and  vein  were 
catheterized  for  monitoring  of  arterial  blood  pressure  and  adminis- 
tration of  drugs,  respectively.  Lead  II  electrocardiogram  was  also 
monitored.  After  stabilization  of  blood  pressure  and  heart  rate 
following  surgery,  E.  coli  endotoxin  (Difco),  1.5  mg/kg,  was  adminis- 
tered intravenously  over  a 5 min  period.  The  dogs  were  divided  into 
5 groups  depending  on  their  treatment.  Ten  dogs  received  no  treat- 
ment after  the  endotoxin  and  served  as  controls.  Seven  dogs  were 
given  WR  149,024  (10  mg/kg  of  the  salt,  i.v.)  45  min  post-endotoxin. 

An  additional  10  dogs  were  given  10  mg/kg  WR  149,024  60  min  post- 
endotoxin. Four  dogs  were  given  30  mg/kg  methyl  prednisolone  sodium 
succinate  (Solu-Medrol , Upjohn  Co.)  45  min  post-endotoxin.  The  final 
group  of  5 dogs  also  was  given  30  mg/kg  methylprednisolone  at  60  min 
post-endotoxin.  The  doses  of  WR  149,024  and  methylprednisolone  were 
dissolved  in  5 ml  of  isotonic  saline  and  administered  slowly  over  a 
5 min  period.  The  dogs  were  monitored  for  4 hr  post-endotoxin 
administration,  after  which  the  catheters  were  removed,  the  vessels 
ligated  and  the  wounds  sutured.  The  dogs  were  then  placed  in  the 
intensive  care  quarters  where  they  received  food  and  water  ad  libitum. 
Survivors  were  defined  as  those  animals  alive  72  hr  after  the  endo- 
toxin administration. 

The  rate  of  survival  for  the  control  groups  was  compared 
with  the  rate  of  survival  in  each  of  the  treated  groups  using  a 
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Chi-square  2x2  contingency  table  for  each  comparison  (Shao,  1967). 

A computed  Chi-square  with  a £ value  equal  to  or  less  than  5%  was 
considered  an  indication  of  a difference  in  survival  rate  attributable 
to  the  therapeutic  regimen. 

c.  Results: 

The  effects  of  WR  149,024  or  methyl  prednisolone  on  survival 
of  dogs  given  endotoxin  are  presented  in  Table  1.  Chi-square  analysis 
of  these  data  indicated  that  both  WR  149,024  and  methyl  prednisolone 
increased  survival  rate  when  administered  45  min  after  endotoxin. 

When  administered  60  min  after  endotoxin,  the  methyl  prednisolone  pro- 
duced a significant  increase  in  survival  rate  while  the  increase  in 
survival  rate  produced  by  WR  149,024  was  not  significant. 

d.  Discussion: 

These  investigations  indicated  that  WR  149,024  was  effective 
when  administered  45  min  after  the  endotoxin  insult.  Previously, 

WR  149,024  pretreatment  was  shown  to  be  beneficial  in  treatment  of 
endotoxin  shock  (Caldwell  et  al_. , 1975).  The  present  studies 
extending  the  efficacy  of  WR  149,024  to  45  min  after  administration 
of  the  endotoxin  are  most  promising  since  this  model  more  closely 
approximates  the  conditions  of  the  patient  already  in  septic  shock. 

The  beneficial  effects  of  the  WR  149,024  treatment  are 
essentially  lost  when  administered  60  min  after  the  endotoxin  insult. 
Therefore,  changes  in  the  shock  model  must  occur  between  45  and  60 
min  post-endotoxin  administration  which  limit  the  effectiveness  of 
WR  149,024.  However,  methyl prednisolone,  a synthetic  glucocorticoid 
preparation,  was  still  effective  at  60  min.  Methyl  prednisolone  and 
other  steroids  are  thought  to  produce  their  protective  effects  in 
shock  state  by  a membrane-stabilizing  action  which  reduces  lysosomal 
enzyme  release  (Glenn  and  Lefer,  1971).  This  would  tend  to  reduce 
the  probability  that  WR  149,024  is  effective  via  the  membrane- 
stabilization  mechanisms  associated  with  steroid  therapy.  Additional 
studies  with  this  shock  model  characterizing  the  hemodynamic,  meta- 
bolic and  subcellular  processes  occurring  between  45  and  60  min  after 
administration  may  help  define  the  protective  action  of  WR  149,024. 

WR  149,024  is  a promising  agent  for  use  in  shock  states.  The 
relative  ineffectiveness  of  WR  149,024  versus  steroid  at  60  min  post- 
endotoxin should  not  detract  from  its  potential  use.  Massive  steroid 
therapy  produces  many  side-effects  which  complicate  the  long  term 
prognosis.  WR  149,024  has  been  reported  to  produce  no  abnormalities 
on  clinical  examination,  ophthalmoscopy,  gross  necropsy  or  histology 
when  administered  at  dosages  of  up  to  20  mg/kg  for  14  days  to  dogs 
and  monkeys  (WR  149,024  IND,  Tabs  J and  K).  Thus,  WR  149,024  appears 
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promising  as  an  effective  anti-shock  compound  without  the  toxic 
potential  of  currently  used  therapeutic  compounds. 

3.  Characterization  of  the  initial  cardiovascular  actions  of  WR  2823. 


a.  Background: 

In  1969,  Heiffer  and  co-workers  first  described  the  pharma- 
cology of  an  aliphatic  sulfur-containing  compound  (Heiffer  et  al . , 
1969).  This  compound,  S-2-[5-(aminopentyl )amino]ethylphosphorothioic 
acid  or  WR  2823,  was  shown  to  have  both  immediate  and  prolonged 
cardiovascular  activity.  When  WR  2823  was  administered  intravenously 
it  produced  an  immediate  hypotension  and  bradycardia  in  several 
animal  species.  These  initial  responses  are  followed  by  a long- 
lasting,  selective  and  specific  alpha-adrenergic  blockade  (Heiffer 
et  aK , 1969;  Herman  et  aK , 1971).  WR  2823,  perhaps  because  of  its 
alpha-adrenergic  blocking  action,  has  considerable  efficacy  in  treat- 
ment of  endotoxin  and  hemorrhagic  shock  in  different  animal  models 
(Vick  et  al_. , 1969;  Vick  and  Heiffer,  1970;  Vick  et  aj_. , 1973).  How- 
ever, the  initial  cardiodepressor  responses  could  limit  the  usefulness 
of  WR  2823  or  its  congeners  in  the  treatment  of  shock  states  in  man. 
Therefore,  we  have  attempted  to  describe  in  detail  the  nature  of 
these  initial  cardiovascular  responses. 

Previously  we  reported  that  neither  atropine,  lysergic  acid 
diethylamide, nor  diphenhydramine  altered  the  initial  responses  of 
WR  2823.  These  data  eliminated  stimulation  of  the  Bezold-Jarish 
reflex,  release  of  5-hydroxytryptamine,  and  release  of  histamine, 
respectively  as  mechanisms  of  action  of  the  initial  hypotension 
and  bradycardia  observed  on  administration  of  WR  2823.  Pretreatment 
with  the  beta-adrenergic  blocking  agent,  propranolol,  or  the  alpha- 
adrenergic  blocking  agent,  phenoxybenzami ne,  attenuated  the  brady- 
cardia but  not  the  hypotension  produced  initially  by  WR  2823. 
Reserpinization,  which  depletes  the  sympathetic  nervous  system  of 
its  neurotransmi tter,  norepinephrine,  attenuated  both  the  hypo- 
tension and  bradycardia  produced  by  WR  2823.  Ganglionic  blocking 
agents  such  as  mecamylamine  and  hexamethoni urn,  which  interrupt  auto- 
nomic transmission,  abolished  the  initial  cardiovascular  responses 
of  WR  2823.  These  data  indicated  that  WR  2823  was  interacting  with 
the  autonomic  nervous  system,  probably  at  central  sites.  To  confirm 
this  hypothesis,  animals  were  transected  between  the  first  and 
second  cervical  vertebrae  or  decerebrated  at  the  intercollicular 
level  and  WR  2823  was  administered.  Spinal  cord  transection 
abolished  the  initial  cardiovascular  responses  while  decerebration 
had  no  effect.  This  implicates  the  lower  brain  stem  as  the  possible 
site  of  action  for  the  initial  cardiovascular  effects  of  WR  2823. 


Our  present  studies  followed  two  lines  of  investigation.  The 
first  was  to  determine  whether  a dose-response  relationship  exists 
for  the  initial  cardiovascular  responses  to  WR  2823  administration. 
Our  studies  have  shown  that  25  mg/kg  and  50  mg/kg  of  WR  2823  had 
similar  effects.  If  there  appears  to  be  a threshold  dose  for  these 
effects,  multiple  administrations  of  subthreshold  doses  may  then 
decrease  the  potentially  adverse  effects  initially  observed  with 
WR  2823  administration.  The  second  course  of  investigation  was  to 
explore  the  possible  mechanism  of  the  initial  response.  Clonidine, 
an  antihypertensive  agent,  has  been  shown  to  produce  bradycardia  and 
hypotension  by  direct  action,  stimulating  al pha-adrenergic  receptors 
located  in  medullary  vasomotor  centers  (Tangri  et  a]_. , 1977). 
Investigations  were  begun  to  determine  whether  pretreatment  with 
clonidine  potentiated  or  attenuated  the  initial  cardiovascular 
responses  of  WR  2823  in  an  attempt  to  clarify  further  the  mechanism 
responsible  for  the  WR  2823  response. 

b.  Materials  and  methods: 

Cats  weighing  2.5  to  3.5  kg  were  anesthetized  with  pento- 
barbital sodium,  40  mg/kg  ip.  The  right  femoral  vein  was  cannulated 
for  drug  injection.  Cannulae  were  also  inserted  into  the  right 
femoral  artery  and  trachea  for  monitoring  blood  pressure  and 
respiration.  Needle-tipped  electrodes  were  inserted  into  the 
appropriate  limbs  to  record  Lead  II  of  the  electrocardiogram.  Heart 
rate  was  determined  from  the  interval  of  the  R wave  by  means  of  a 
cardiotach  preamplifier.  Respiration,  Lead  II  electrocardiogram, 
arterial  pressure,  mean  arterial  pressure  and  heart  rate  were 
recorded  on  a Hewlett-Packard  polygraph. 

Following  a 30  min  equilibration  period,  12.5  mg/kg  (4  cats), 
6.25  mg/kg  (4  cats)  or  3.125  mg/kg  (3  cats)  doses  of  WR  2823, 
dissolved  in  10  ml  of  isotonic  saline,  were  injected  slowly  over  a 
4 min  period.  The  various  measurements  were  monitored  for  60  min 
after  the  WR  2823  injection  and  the  experiment  was  then  terminated. 

In  a second  series  of  experiments,  3 cats  were  pretreated 
with  clonidine  HC1 , 0.1  mg/kg,  injected  over  a 2 min  period.  The 
animals  were  monitored  for  30  min  before  WR  2823  administration. 

WR  2823,  50  mg/kg,  was  injected  slowly  over  4 min.  The  various 
measurements  were  monitored  for  60  min  and  the  experiment  was  then 
terminated. 

Control  observations  of  the  various  physiological  measure- 
ments were  made  just  prior  to  pharmacological  pretreatment,  if  any, 
and  before  WR  2823  administration.  The  percentage  change  from  the 
appropriate  control  value  was  determined  at  1,  5,  15,  30  and  60  min 
after  injection  of  WR  2823. 
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c.  Results: 


The  dose  responses  of  WR  2823  on  mean  arterial  pressure  and 
heart  rate  are  given  in  Tables  2 and  3,  respectively.  Previously 
obtained  data  for  50  mg/kg  and  25  mg/kg  dosages  of  WR  2823  are 
included  in  these  tables  for  comparison  purposes.  Inspection  of 
the  mean  arterial  pressure  data  indicate  the  magnitude  of  the  vaso- 
pressor response  was  equivalent  over  a dose  range  from  6.25  mg/kg 
to  50  mg/kg  WR  2823.  However,  the  duration  of  this  response  seemed 
to  decrease  with  decreasing  doses.  With  the  50  mg/kg  dose  the  blood 
pressure  had  returned  to  72%  of  control  levels  within  60  min.  The 
blood  pressure  following  the  25  mg/kg  and  12.5  mg/kg  dosages  had 
returned  to  89%  and  88%  of  control  values  within  15  min.  After 
WR  2823,  6.25  mg/kg,  the  blood  pressure  returned  to  93%  of  control 
levels  within  5 min.  WR  2823,  3.125  mg/kg,  had  only  a minimal 
effect  on  blood  pressure  at  one  min  post-injection. 

The  effects  of  different  doses  of  WR  2823  on  heart  rate 
were  not  as  definite  as  the  hypotensive  responses.  There  was  no 
dose- response  pattern  to  the  maximum  decrease  in  heart  rate 
observed  at  doses  ranging  from  6.25  mg/kg  to  50  mg/kg.  The  duration 
of  the  bradycardia  was  generally  shorter  with  decreasing  doses  of 
WR  2823.  With  the  highest  dose  of  WR  2823,  heart  rates  recovered 
within  60  min  to  control  levels.  After  doses  of  25  mg/kg  to 
6.25  mg/kg  the  heart  rates  recovered  to  90%  of  control  within  30  min. 
WR  2823,  3.125  mg/kg,  produced  only  minimal  changes  in  the  heart 
rate. 


The  effects  of  pretreatment  with  clonidine  on  the  initial 
blood  pressure  and  heart  rate  responses  of  50  mg/kg  WR  2823  are 
given  in  Table  4.  Pretreatment  with  0.1  mg/kg  clonidine  produced 
a decrease  to  56%  of  control  in  heart  rate  and  to  82%  of  control  in 
mean  arterial  pressure  30  min  post- injection.  Clonidine  pretreatment 
accentuated  the  initial  hypotension  and  eliminated  the  initial  brady- 
cardia produced  by  50  mg/kg  WR  2823. 

d.  Discussion: 

Intravenous  administration  of  WR  2823  consistently  induced 
hypotension  and  bradycardia  at  doses  ranging  from  6.25  to  50.0  mg/kg 
while  3.125  mg/kg  had  minimal  effects  on  heart  rate  and  blood 
pressure.  There  appeared  to  be  no  dose-response  relationship  in 
the  magnitude  of  the  hypotension  or  bradycardia.  This  was  consistent 
with  data  obtained  with  WR  149,024.  WR  149,024,  which  is  a dimer  of 
dephosphorylated  WR  2823,  also  produced  hypotension  and  bradycardia 
over  a dose  range  of  6.25  to  25.0  mg/kg  in  the  anesthetized  dog 
(Caldwell  et  al_. , 1972).  As  with  WR  2823,  the  6.25  mg/kg  dose  of 
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WR  149,024  depressed  blood  pressure  and  heart  rate  to  the  same 
extent  as  the  25  mg/kg  dose.  Thus,  the  magnitude  of  the  initial 
cardiovascular  effects  was  not  dose  dependent. 


The  duration  of  the  initial  hypotensive  response  of  WR  2823 
appeared  to  be  dose-dependent  in  nature.  This  was  especially  true 
with  the  smaller  doses.  However,  the  response  to  larger  doses  was 
more  complex.  WR  2823  reversed  the  pressor  response  to  epinephrine 
at  dosages  greater  than  25  mg/kg  in  the  rat  (Herman  et  al_. , 1971). 
This  effect  became  apparent  within  15  to  30  min  and  was  maximal  by 
60  min.  The  failure  of  the  blood  pressure  in  cats  administered 
50  mg/kg  of  WR  2823  to  return  to  control  values  after  60  min  was 
probably  a function  of  the  developing  alpha-adrenergic  blockade. 

A dose-dependent  relationship  of  the  duration  of  the  initial  heart 
rate  response  to  WR  2823  administration  was  not  as  apparent  as  with 
the  hypotension.  This  was  probably  a function  of  a reflexive 
increase  in  heart  rate  (in  response  to  the  initial  hypotension 
produced  by  WR  2823)  superimposed  on  the  initial  bradycardia. 

The  initial  effects  of  WR  2823  were  very  similar  to  the 
reported  actions  of  clonidine  in  that  both  agents  produce  a hypo- 
tension and  bradycardia.  The  hypotension  and  bradycardia  produced 
by  clonidine  were  attributed  to  alpha-adrenergic  stimulation  in  the 
vasomotor  center  of  the  medulla  (Tangri  et  al_. , 1977).  We  have 
shown  previously  that  the  initial  hypotension  and  bradycardia  pro- 
duced by  WR  2823  resulted  from  an  interaction  with  vasomotor 
centers  in  the  brain  stem.  Therefore,  pretreatment  with  clonidine 
may  alter  the  initial  responses  of  WR  2823.  If  clonidine  and 
WR  2823  acted  via  similar  mechanisms  an  enhanced  hypotension  and 
bradycardia  would  be  expected.  If  the  initial  effects  of  WR  2823 
were  due  to  alpha-adrenergic  blockade  of  vasomotor  centers  then 
WR  2823  would  be  expected  to  antagonize  the  clonidine-induced  hypo- 
tension and  bradycardia. 

The  results  obtained  when  WR  2823  was  administered  after 
clonidine  pretreatment  were  only  partially  predicted.  WR  2823  did 
enhance  the  hypotensive  response  to  clonidine  but  did  not  augment 
the  clonidine-induced  bradycardia.  Clonidine  produces  hypotension 
by  activation  of  central  mechanisms  to  reduce  sympathetic  tone  while 
the  bradycardia  is  due  to  both  a centrally  produced  reduction  in 
sympathetic  tone  and  an  enhanced  vagal  tone  due  to  activation  of 
peripheral  baroreceptors  (Tangri  et  al_. , 1977).  The  additional 
hypotension  observed  after  WR  2823  in  animals  pretreated  with 
clonidine  may  be  due  to  a further  reduction  in  sympathetic  tone. 

The  decrease  in  sympathetic  tone  would  also  decrease  the  heart  rate. 
However,  this  additional  vasopressor  response  may  depress  the  baro- 
receptor  reflex  originally  stimulated  by  clonidine.  This  reduction 
in  baroreceptor  firing  could  negate  any  action  of  WR  2823  to 
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decrease  heart  rate  by  a reduction  in  sympathetic  tone.  Early 
studies  which  indicated  that  atropine  did  not  attenuate  the  initial 
bradycardia  produced  by  WR  2823  are  consistent  with  this  hypothesis 
that  the  initial  effects  of  WR  2823  are  due  to  central  inhibition 
of  sympathetic  tone. 

4.  Antiarrhythmogenic  potential  of  WR  2823. 

a.  Background: 

WR  2823,  an  aliphatic  sulfur-containing  compound,  has  both 
immediate  and  prolonged  cardiovascular  activity.  This  activity 
consists  of  an  immediate  hypotension  and  bradycardia  followed  by  a 
long-lasting  selective  alpha-adrenergic  blockade  (Heiffer  et  al . , 
1969).  WR  2823  has  been  reported  to  decrease  mortality  from 
hemorrhage  in  animals  (Vick  et^al.,  1973).  Hemorrhage  has  been 
reported  to  produce  subendocardial  lesions  which,  by  disrupting 
conduction,  may  produce  arrhythmias  that  result  in  a decrease  in 
cardiac  output  which  would  augment  the  positive  feedback  cycle 
leading  to  irreversible  shock  (Hackel  et  £l_. , 1974).  Thus,  preven- 
tion of  arrhythmias  may  be  one  aspect  of  the  protective  property  of 
WR  2823  in  shock  states.  To  determine  whether  a possible  anti- 
arrhythmic  action  could  contribute  to  its  protective  properties  in 
shock  states,  WR  2823  was  evaluated  for  its  antiarrhythmic  potential 
against  both  ouabain-  and  digoxin- induced  toxicity. 

b.  Materials  and  methods: 


Adult  cats  of  either  sex  (2.2  - 3.8  kg)  were  anesthetized 
with  sodium  pentobarbital  (40  mg/kg,  ip).  The  trachea  was  cannulated 
with  an  endotracheal  tube  for  monitoring  respiration.  The  left 
femoral  artery  was  cannulated  for  recording  arterial  pressure. 

Lead  II  of  the  electrocardiogram  was  recorded  for  measuring  heart 
rate  and  detecting  changes  in  cardiac  rhythm.  The  right  femoral 
vein  was  cannulated  for  glycoside  infusions  and  the  left  femoral 
vein  was  cannulated  for  other  drug  injections.  Lead  II  of  the 
electrocardiogram,  arterial  pressure,  heart  rate  and  respiration 
were  recorded  on  a Hewlett-Packard  Model  7828A  recorder.  Lead  II  of 
the  electrocardiogram  was  also  displayed  on  the  visoscope  component 
of  the  recorder  for  continuous  monitoring  of  rhythm  changes.  Rectal 
temperature  was  measured  with  a Yellow  Springs  telethermometer  and 
maintained  at  37°C  by  a heating  pad. 

The  cats  were  divided  into  3 groups  depending  on  the  glyco- 
side used  and  the  rate  of  infusion  of  the  glycoside.  The  first 
group  consisted  of  those  animals  given  digoxin  (Lanoxin,  Burroughs- 
Well  come,  Inc.)  at  an  infusion  rate  of  2 pg/kg/min.  The  second 
group  consisted  of  those  animals  given  ouabain  (Calbiochem)  at  an 


f ' 9 \ 

^ V 0 


infusion  rate  of  2 yg/kg/min.  The  third  group  consisted  of  an 
additional  group  of  animals  given  ouabain  but  at  an  infusion  rate 
of  1.25  yg/kg/min. 

The  animals  in  the  first  group  were  divided  into  5 subgroups. 
The  first  subgroup  consisted  of  those  animals  infused  with  digoxin 
without  drug  pretreatment.  The  second  subgroup  consisted  of  those 
animals  given  WR  2823  Lot  AE  (50  mg/kg  i.v.)  slowly  over  a 5 min 
period  followed  one  hr  after  the  start  of  the  WR  2823  injection  by 
the  digoxin  infusion.  The  third  subgroup  consisted  of  those  animals 
given  a lower  dose  of  WR  2823  (35  mg/ kg  i.v.)  followed  one  hr  later 
by  the  digoxin  infusion.  The  fourth  subgroup  consisted  of  those 
animals  given  propranolol  HC1  (Inderal,  Ayerest  Company),  2 mg/kg  i.v. 
slowly  over  a 5 min  period  followed  by  the  digoxin  infusion  15  min 
after  the  start  of  the  propranolol  injection.  The  fifth  subgroup 
consisted  of  those  animals  given  phenoxybenzamine,  7.5  mg  i.v. 
(Dibenzyline,  Smith,  Kline  and  French  Labs)  slowly  over  a 5 min 
period  beginning  45  min  prior  to  the  digoxin  infusion. 

The  second  group  of  cats  was  divided  into  4 subgroups.  The 
animals  in  the  first  subgroup  received  no  drug  pretreatment.  The 
second  subgroup  received  WR  2823,  50  mg/kg  i.v.,  the  third  subgroup 
received  propranolol  HC1 , 2 mg/kg  i.v.,  and  the  fourth  subgroup 
received  phenoxybenzamine  HC1 , 7.5  mg/kg  i.v.,  all  prior  to  a 
2 yg/kg/min  ouabain  infusion.  The  time  sequence  of  the  pretreatments 
in  this  group  was  the  same  as  that  described  for  the  first  group 
given  digoxin. 

The  third  group  of  cats  was  divided  into  3 subgroups.  The 
first  subgroup  received  no  drug  pretreatment,  the  second  group  was 
pretreated  with  WR  2823,  50  mg/kg  i.v.,  and  the  third  subgroup 
received  propranolol  HC1,  2 mg/kg  i.v.,  all  prior  to  a 1.25  yg/kg/ 
min  ouabain  infusion.  The  time  sequence  of  these  pretreatments  was 
the  same  as  described  for  groups  I and  II. 

Both  doses  of  WR  2823  and  the  propranolol  were  dissolved  in 
5 ml  of  isotonic  saline.  The  phenoxybenzamine  was  dissolved  in 
0.2  ml  of  glacial  acetic  acid  and  diluted  to  5 ml  total  volume  with 
isotonic  saline.  The  ouabain  was  dissolved  in  and  the  digoxin  was 
diluted  with  isotonic  saline  so  that  the  appropriate  dose  was 
administered  at  a rate  of  0.181  ml /min. 

The  toxic  dose  and  lethal  dose  of  the  two  glycosides  were 
calculated  from  the  infusion  time.  The  toxic  dose  was  considered  to 
be  the  dose  of  glycoside  that  produced  3 consecutive  contractions  of 
ventricular  origin.  The  lethal  dose  was  considered  to  be  the  dose 
of  glycoside  that  produced  ventricular  fibrillation.  The  doses 
necessary  to  produce  the  toxic  and  lethal  endpoints  after  the  pre- 
treatments were  compared  with  the  control  endpoints  using  Dunnett's 
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multiple  comparison  procedure  (Zar,  1974)  with  a £ value  of  0.05  or 
less  considered  significant. 


c.  Results  and  discussion: 

The  results  of  WR  2823,  propranolol  or  phenoxybenzamine  pre- 
treatment on  digoxin  toxicity  are  given  in  Table  5.  The  dose  of 
digoxin  that  produced  ventricular  tachycardia  was  126.6  + 7.9  yg/kg. 
Both  50  mg/kg  WR  2823  (36.4%)  and  propranolol  (58%)  produced  signifi- 
cant increases  in  the  dose  of  digoxin  necessary  to  produce  ventricular 
tachycardia.  However,  neither  the  lower  dose  of  WR  2823  (26.9%)  nor 
phenoxybenzamine  (20%)  produced  increases  that  were  significantly 
greater  than  the  control  values.  The  fibrillation  dose  of  digoxin 
in  control  cats  was  158.8  +_  6.3  yg/kg.  In  addition  to  50  mg/kg 
WR  2823  (30.5%)  and  propranolol  (50.2%),  35  mg/kg  WR  2823  (25.7%) 
also  produced  a significant  increase  in  the  lethal  dose  of  digoxin. 
Furthermore,  the  protective  effect  of  WR  2823  appears  to  be  related 
to  the  dose  administered.  Phenoxybenzamine  had  little  effect  (9.6%) 
on  the  lethal  dose  of  digoxin. 

The  results  of  pretreatment  with  WR  2823,  propranolol  or 
phenoxybenzamine  on  ouabain  toxicity  when  infused  at  a rate  of 
2 yg/kg/min  are  given  in  Table  6.  Ouabain-induced  ventricular 
tachycardia  was  observed  after  infusion  of  68.6  + 3.6  yg/kg  in 
control  animals.  Pretreatment  with  50  mg/kg  WR  2823,  propranolol 
or  phenoxybenzamine  did  not  significantly  increase  the  dose  of 
ouabain  necessary  to  produce  ventricular  tachycardia.  But  propranolol 
did  increase  the  dose  necessary  to  produce  ventricular  tachycardia  by 
15.1  yg/kg.  The  fibrillatory  dose  of  ouabain  in  the  control  animals 
was  97.2  + 6.0  yg/kg.  WR  2823,  50  mg/kg,  produced  a slight  decrease 
and  phenoxybenzamine  a slight  increase  in  the  toxic  dose  of  ouabain. 
Propranolol  produced  a significant  increase  of  26.9%  in  the  lethal 
dose  of  ouabain. 

Since  ouabain  was  more  potent  than  digoxin  in  producing 
toxicity,  the  rate  of  ouabain  infusion  was  lowered  to  1.25  yg/kg  in 
the  third  group  of  cats.  The  results  of  pretreatment  with  50  mg/kg 
WR  2823  and  propranolol  in  this  slower  infusion  rate  of  ouabain  are 
given  in  Table  7.  The  dose  of  ouabain  necessary  to  produce  ven- 
tricular tachycardias  at  the  lower  infusion  rate  was  71.5  + 7. 5 yg/kg. 
The  lethal  dose  of  ouabain  given  at  the  slower  infusion  rale  was 
84.9  + 6.4  yg/kg.  These  doses  are  no  different  than  the  higher 
infusion  rates  but  the  time  frame  of  toxicity  more  closely  resembled 
the  time  of  onset  previously  determined  for  digoxin.  At  the  slower 
infusion  rate,  propranolol  produced  significant  increases  in  both 
the  dose  for  ventricular  tachycardia  and  fibrillation.  Once  again 
50  mg/kg  WR  2823  had  little  effect  on  ouabain  toxicity. 
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The  action  of  WR  2823  against  digitalis-induced  arrhythmias 
was  investigated  in  order  to  determine  whether  an  antiarrhythmic 
effect  may,  in  part,  be  responsible  for  the  effectiveness  of 
WR  2823  in  treatment  of  shock  states.  Phentol amine  and  phenoxy- 
benzamine,  alpha-adrenoreceptor  blocking  agents,  have  been  shown  to 
be  effective  against  ouabain-induced  arrhythmias  (Ettinger  et  al . , 
1969)  and  digoxin-induced  arrhythmias  (Rothaus  and  Powell,  19757, 
respectively.  Since  WR  2823  has  alpha-adrenoreceptor  blocking 
activity,  a similar  antiarrhythmic  spectrum  was  anticipated. 

Analysis  of  the  data  indicated  that  WR  2823  was  effective  against 
digoxin  toxicity  in  a dose-related  manner.  Rothaus  and  Powell  (1975) 
suggested  that  phenoxybenzamine  was  effective  against  digoxin- 
induced  arrhythmias  because  it  antagonized  the  alpha-mediated  sympa- 
thetic constriction  of  coronary  arteries  produced  by  digoxin.  How- 
ever, phenoxybenzamine  was  not  effective  in  delaying  the  onset  of 
ouabain  or  digoxin  toxicity  in  this  study.  Furthermore,  WR  2823 
was  not  effective  against  ouabain  toxicity  in  this  experimental 
model.  This  indicates  that  the  efficacy  of  WR  2823  in  delaying  the 
onset  of  digoxin  toxicity  in  the  cat  is  not  attributable  to  its 
alpha-receptor  blocking  activity. 

The  model  used  to  assess  digitalis  toxicity  is  very  important 
since  even  choice  of  anesthesia  has  been  shown  to  affect  ouabain 
toxicity  (Stickney,  1974).  Ouabain,  when  infused  at  equal  rates, 
produced  toxic  effects  at  lower  doses  than  digoxin;  thus,  this 
ouabain  model  may  have  been  too  toxic  to  show  a protective  action 
by  WR  2823.  Therefore,  a lower  infusion  rate  of  ouabain  was  studied. 
This  infusion  rate  was  designed  to  approximate  the  time  course  of 
digoxin  toxicity.  Once  again,  WR  2823  was  not  effective  in  delaying 
ouabain  toxicity.  These  findings  were  inconclusive  in  establishing 
an  antiarrhythmic  effect  as  a mechanism  for  the  protective  action  of 
WR  2823  in  shock  states.  However,  these  results  do  suggest  a 
difference  in  mechanism  for  the  toxicity  produced  by  ouabain  and 
digoxin. 

The  results  of  these  studies  are  interesting  since  only 
recently  has  differentiation  of  the  toxicity  produced  by  cardiac 
glycosides  been  reported.  Kelliher  and  Roberts  (1974)  suggested 
that  beta- adrenoreceptor  blocking  agents  protected  against  digitalis 
toxicity  by  different  mechanisms  depending  on  the  glycoside  used. 
Digoxin-induced  arrhythmias  could  be  prevented  by  beta-blocking  doses 
of  these  agents,  which  were  ineffective  against  ouabain-induced 
arrhythmias.  Only  doses  of  the  beta-blocking  agents  which  produce 
neural  depression  were  effective  against  ouabain-induced  arrhythmias. 
The  present  study  demonstrates  that  the  alpha-blocking  agent, 

WR  2823,  is  effective  against  digoxin-induced  toxicity  but  not 
ouabain-induced  toxicity.  Thus,  the  varying  efficacy  of  WR  2823 
in  preventing  digitalis  toxicity  may  be  a function  of  inherent 
differences  in  the  toxicity  of  the  cardiac  glycosides. 


Digitalis  glycosides  have  both  a direct  toxic  action  in  the 
heart  and  an  indirect  effect  mediated  via  an  interaction  with  the 
sympathetic  nervous  system.  Recent  studies  with  transplanted  and 
denervated  hearts  indicate  that  the  indirect  neural  aspects  of 
digitalis  glycosides  may  be  a more  important  component  of  their 
toxicity  than  the  direct  effects  (Gill is  et  al_. , 1975).  The 
indirect  neural  effect  associated  most  often  with  digitalis  toxicity 
has  been  sympathetic  stimulation  (Gillis  et  aK , 1975).  However,  the 
site(s)  of  digitalis  interaction  within  the  sympathetic  nervous 
system  has  not  been  defined.  Recent  evidence  indicates  that  the 
primary  site  of  digoxin  interaction  is  peripheral  rather  than 
central  (Weaver  et  al . , 1976)  while  ouabain  has  little  effect  on 
peripheral  reflexes- [McRitchie  and  Vatner,  1976)  but  has  profound 
effects  on  the  posterior  hypothalamus  to  produce  sympathetic  stimu- 
lation (Saxena  and  Bhargava,  1975).  In  addition,  Dutta  and  Marks 
(1966)  indicate  that  digoxin  is  concentrated  to  a greater  extent 
in  the  adrenal  gland  than  is  ouabain.  Furthermore,  6-hydroxydopa- 
mine,  an  agent  that  depletes  95%  of  the  catecholamines  in  the  heart 
but  only  35%  of  the  catecholamines  in  the  adrenal  gland  protects 
against  ouabain  toxicity  but  not  digoxin  toxicity  (Roberts  et  al . , 
1976).  Thus,  it  appears  that  ouabain  may  have  more  of  an  effect 
centrally  to  produce  an  increase  in  sympathetic  tone  while  digoxin 
may  act  through  the  adrenal  gland  directly,  as  well  as  through 
other  peripheral  components,  to  produce  an  increase  in  sympathetic 
tone.  The  observation  that  WR  2823  is  not  effective  against  ouabain 
toxicity  may  mean  that  WR  2823  does  not  cross  the  blood-brain  barrier 
in  sufficient  quantities  to  produce  neural  depression  or  that 
WR  2823  lacks  appreciable  neural  depressant  activity. 

Recent  studies  indicate  that  digitalis  toxicity  is  due  to 
Na+,  K+-ATPase  inhibition  (Beeler,  1977).  Agents  such  as  N-ethyl- 
maleimide  and  £-chloromercuri benzene  sulfonate  that  are  able  to 
interact  with  sulfhydral  groups  of  the  Na+,  K+-ATPase  are  also 
inhibitory  (Brody  and  Akera,  1977).  WR  2823,  a sulfur-containing 
aliphatic  amine,  is  thought  to  produce  its  alpha-blocking  effect 
by  combining  with  sulfhydral  groups  on  the  alpha  receptor  (Herman 
£t  al_. , 1971).  WR  2823  could  also  combine  with  sulfhydral  groups 
of  the  Na+,  K+-ATPase.  Thus,  WR  2823  could  prevent  glycoside 
binding  to  the  Na+,  K+-ATPase  molecule  at  glycoside  concentrations 
which  are  normally  inhibitive.  This  action  of  WR  2823  would  be  more 
apparent  in  delaying  digoxin  toxicity  since  digoxin  toxicity  is  not 
primarily  related  to  central  mechanisms. 


Values  are  mean  + SEM. 


ues  are  mean 


Table  4 


Effect  of  Pretreatment  with  Clonidine  0.1  mg/kg  on  Mean  Arterial 
Pressure  and  Heart  Rate  Responses  Following  a Four  Minute  Intravenous 
Infusion  of  WR  2823  (50  mg/kg)  in  the  Anesthetized  Cat 


% of  Control  Values 


Heart  Rate 


Mean  Arterial  Pressure 


After  Clonidine 
,b 


56  + 6 


82  + 1 


After  WR  2823L 
(min) 


1 

111 

+ 6 

44  + 

5 

5 

109 

+ 6 

52  + 

5 

15 

101 

+ 2 

65  + 

10 

30 

100 

+ 2 

71  + 

8 

60 

96 

+ 2 

84  + 

4 

Pre-Clonidine 

Values 


182  + 25  bpm 


122+20  mmHg 


Values  are  mean  + SEM  for  3 cats. 


control  represents  post-clonidine  values. 
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?3.(U)The  objectives  of  this  work  unit  are  to  determine  the  rate  and  extent  of  cellular 
Injury  and  regeneration  as  evidenced  by  measurement  of  macromolecules  and  their  degrada- 
:ion  products.  The  transport  mechanism  of  molecules  and  their  cellular  interaction  in 
rissue  injury  and  regeneration  will  be  elucidated.  These  studies  are  designed  to  define 
lechanism  of  healing  combat  wounds. 


4.(U)The  extent  of  cell  death  and  the  replication  in  the  disease  state  will  be  measured 
ither  by  macromolecules  in  biological  fluids  or  their  degradation  products  in  urinary 
ecretion.The  biochemical  diagnostic  procedures  which  will  aid  in  early  detection  of  mil- 
tary  significant  diseases  or  the  presence  of  causative  agent  will  be  developed . Several 
models  are  being  investigated. (l)Prostatic  acid  phosphatase  in  bone  marrow  aspirates(2) 
'ransport  mechanism  across  the  cell  membrane  and(3)Urinary  secretion  of  macromolecular 
legradation  products. The  factors  involved  in  directing  the  responses  of  lymphocytes  in 
hjury, infection, wound  healing, and  tissue  rejection  will  be  determined. 


!4.(U)76  10  - 77  09  The  rate  and  extent  of  polvamine  secretion  under  varied  cellular  de^ 
gradation  condition  in  a model  system  is  measured  and  the  results  are  evaluated . Radio- 
jnmunoassay  for  prostatic  acid  phosphatase  is  developed  and  is  being  used  in  clinical 
■valuation  at  WRAMC  and  several  other  clinics. Induction, isolation  and  partial  purifica- 
tion of  an  enriched, antibody  specific  lymphoid  cell  fraction  has  been  achieved . Uptake 
characteristics  of  drug  by  erythrocytes  exposed  to  proteolytic  enzyme  have  been  carried 
>ut.For  technical  reports,  see  WRAIR  Annual  Progress  Report  1 Jul  76  to  30  Sep  77. 
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The  objective  of  this  work  unit  is  the  determination  of  the 
biochemical  changes  which  occur  during  militarily  significant 
trauma  or  cellular  challenge  and  subsequent  cellular  and 
tissue  regeneration.  The  following  studies  were  conducted: 

1.  Determination  of  the  changes  in  both  macromolecular  and 
specific  metabolite  fractions  of  lymphatic  and  other  cells 
as  a function  of  various  cellular  challenges. 

2.  Radioimmune  assay  development  for  analysis  of  prostatic 
acid  phosphatase  in  bone  marrow  aspirates. 

3.  Investigation  of  theuptake  characteristics  of  antima- 
larial  drugs  by  erythrocytes  in  the  absence  of  plasmodia. 

1.  Determination  of  the  changes  in  macromolecular  and  spe- 
cific metabolite  fractions  of  lymphatic  and  other  cells  as  a 
function  of  various  cellular  challenges . — 

Cell  Interactions,  Division,  Growth  and  Death. 

A knowledge  of  basic  biochemical  reaction  involved  in 
cell  transformations  would  provide  a better  understanding  of 
wound  healing  and  tissue  repair.  One  such  particularly 
important  system  involves  the  related  changes  in  the  cellular 
concentrations  of  cyclic  nucleotides  and  their  related  enzymes. 
These  changes  may  be  easily  studied  in  lymphocytes  respond- 
ing to  antigenic  stimulas,  i.e.  the  mixed  lymphocytes  response 
(MLR)  and  graft  versus  host  (GVHR)  reactions.  In  these  systems 
the  concentration  of  cyclic  adenosine  monophosphate  (cAMP) 
and  cyclic  guanosine  monophosphate  (cGMP)  respond  to  specific 
challenge,  as  well  as  to  specific  hormones,  and,  in  turn,  parti- 
ally control  DNA , RNA,  and  protein  synthesis. 


A.  Cyclic  Nucleotides ; 

In  order  to  measure  intralymphocytic  cyclic  nucleotide  levels 
we  developed  or  modified  previously  reported  methods.  Ion 
exchange  column  chromatography  was  selected  as  the  method 
that  best  lent  itself  to  rapid  multiple  sample  determinations. 
Numerous  different  resins,  Dowex  50X4,  chelex  100,  Bio-Rex 
70  and  polyethylenimedine  (PEI) , column  dimensions,  resin 
volumes  and  eluting  combination  were  evaluated.  Although  all 
resins  had  the  capacity  to  separate  nucleotides  to  some  degree, 
only  one  system  was  found  to  be  compatible  with  our  sample 
preparation.  This  system  separated  cAMP  and  cGMP  on  a Dowex 
50X4  column  and  purified  and  concentrated  each  nucleotide  on 
sequential  columns  of  alumina.  Currently  methodology  is 
being  developed  to  adapt  this  method  of  analysis  to  microcul- 
tures of  the  MLC  reaction.  Also  this  methodology  will  be  used 
to  determine  cAMP  and  cGMP  levels  in  the  spleens  from  graft 
versus  host  experiments. 

B.  Polyamines 

This  project  is  a collaborative  study  with  the  Department  of 
Urology,  WRAMC,  to  determine  if  urinary  polyamine  levels 
accurately  reflect  the  presence  or  absence  of  genitourinary 
cellular  damage  or  allograft  rejection.  The  polyamines,  put- 
rescine,  spermine,  spermidine,  cadaverine  and  the  diamines, 

1,  3-diaminopropane  and  1 , 2-diaminoethane  will  be  measured 
in  an  amino  acid  autoanalyzer  and  the  values  obtained  will  be 
compared  to  the  urine  creatinine  levels  for  a 24-hr.  period. 

To  date,  over  391  urine  samples  have  been  collected,  hydrolyzed 
in  duplicate  and  creatinine  levels  determined  with  the  final 
correlations  to  be  made  upon  the  completion  of  the  polyamine 
analysis.  Some  preliminary  results  are  described.  A methodology 
was  developed  for  the  automated  analysis  of  polyamines  and 
diamines  in  urine.  A highly  specific  analytical  system  with 
a reiterated  tape  program  and  dual  columns  offered  several 
advantages  over  other  methodologies.  Ninhydr in-positive 
compounds,  which  are  difficult  to  separate  by  other  procedures, 
are  quantitated  by  this  method.  Samples  which  contain  1,2 
diaminoethane , 1,3  diamino  propane,  1,4  diaminobutane  (putre- 
scine) , 1,5  diaminopentane  (cadaverine),  spermidine,  and  sper- 
mine are  separated  in  90  minutes  using  an  overlapping  time 
sharing  system.  This  approach  to  assaying  diamines  and  poly- 
amines in  urine  and  serum  specimens  has  been  found  to  be  ap- 
plicable to  characterizing  various  polyamines  in  the  analyzed 
sample  is  indicative  of  the  physiologic  changes  existing 
at  that  time,  within  the  patient.  Tentatively,  we  have  observed 
levels  of  1,2  diamino-ethane,  1,3  diamino  propane,  and  cad- 
averine to  be  biological  markers  for  cellular  change  during 
the  growth  of  tumors  and  during  the  refection  process  of 
transplanted  kidneys.  The  preparatory  technique  of  the  sample 


is  simple  and  the  analysis  of  the  sample  relatively  specific 
and  sensitive.  Further  proof  of  our  finding  in  verifying 
these  early  data  will  be  of  importance  in  better  understanding 
the  mechanics  of  the  body  in  producing  cellular  changes  by 
cancer  the  refection  process. 

Conclusion: 

We  have  developed  a new  methodology  of  extraction  and  analysis 
of  urinary  polyamines  by  an  amino  acid  analyzer  which  allows 
operating  pressures,  reduced  buffer  flow  and  ease  of  operation. 
We  have  found  for  the  first  time  two  new  compounds  in  the 
urine  of  patients  with  carcinoma  of  the  genitourinary  system. 
Both  of  these  compounds  in  addition  to  spermine,  spemidine 
and  putrescine  are  elevated  in  some  patients  with  genitourinary 
carcinoma.  We  believe  that  these  compounds  may  be  used  as 
tumor  markers  in  the  diagnosis,  staging  and  prognosis  of 
patients  with  genitourinary  carcinoma. 


2.  A radioimmunoassay  for  prostatic  acid  phosphatase . 

Work  during  the  last  report  year  has  centered  upon  evaluating 
the  clinical  usefulness  of  prostatic  acid  phosphatase  (PAP) 
determination  by  radioimmune  assay  (RIA) . 

Objectives : 

a.  To  establish  the  normal  range  of  PAP  in  serum  and 
bone  marrow  using  RIA  methodology. 

b.  To  establish  the  duration  and  magnitude  of  serum 
content  of  PAP  following  transurethral  prostatictoring  (TURP) 
and  prostatic  massage  using  RIA  and  enzymatic  analysis. 

c.  To  asses  the  diagnostic  usefulness  of  bone  marrow 
PAP  measurement  by  enzymatic  and  immunological  procedures 
for  confirmation  of  occult  metastatic  carcinoma  of  the  pros- 
tate . 

Progress  and  Results : 

I . Normal  Range 

(a)  Serum  PAP  has  been  determined  by  RIA  in  226  patients 
without  prostatic  disease.  In  this  population  serum  PAP  was 
found  to  be  distributed  in  a nongaussian  manner  with  a mean 
of  3.0  ng  ml  and  a standard  deviation  of  2.4.  An  upper  limit 
of  9.0  ng  ml  has  been  established  for  this  group  by  non- 
parametric  analysis. 
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(b)  Serum  PAP  has  also  been  determined  in  186  patients 
with  benign  prostatic  hyperplasia  (BPH) . As  with  the  previ- 
ous group,  PAP  was  destributed  in  a non-gaussian  manner  with 
a mean  of  2.9  ng/ml  and  a standard  deviation  of  2.3  in  the 
BPH  population.  An  upper  limit  of  9.7  ng/ml  has  been  estab- 
lished for  the  BPH  population  by  non-parametric  analysis. 

II.  TURP  and  Massage  Studies . 

In  a study  of  20  patients  following  TURP  it  became  clear 
that  all  experienced  a significant  serum  elevation  of  PAP  fol- 
lowing surgery.  When  analysis  of  serum  PAP  was  carried  out  by 
RIA,  the  magnitude  and  duration  of  the  elevation  was  propor- 
tional to  the  volume  of  tissue  resected.  However,  little 
correlation  was  observed  when  the  same  serum  was  analyzed  en- 
zymatically. In  contrast  to  the  TURP  studies,  only  one  of  10 
patients  studied  demonstrated  a significant  serum  elevation 
either  by  enzymatic  analysis  or  RIA  following  prostatic  mas- 
sage. 

III.  Bone  Marrow  Studies . 

Early  in  the  course  of  this  study  bone  marrow  acid  phos- 
phatase was  analyzed  enzymatically  using  1-naphthol  phosphate 
as  a substrate.  However,  because  of  the  high  incidence  of 
false  positive  results  (50%)  obtained,  we  found  this  method 
to  be  of  little  diagnostic  usefulness.  The  PAP  content  of 
bone  marrow  aspirates  has  been  determined  from  88  patients 
with  benign  prostatic  hyperplasia.  An  upper  limit  of  13.7 
ng/ml  for  bone  marrow  PAP  has  been  established  for  this  group 
and  represents  true  97.5  percentile  of  the  BPH  population. 

The  mean  of  this  distribution  was  5.8ng/ml  and  a standard 
deviation  of  3.6  was  determined. 

To  date  we  have  evaluated  by  RIA  the  PAP  content  of  183 
bone  marrow  aspirates  from  patients  with  various  stages  of 
prostatic  carcinoma.  Ninety  percent  of  those  patients  with 
proven  bony  metastatic  (advanced)  disease  had  elevated  PAP 
values  (greater  than  13.7  ng/ml.  Approximately  25%  of  this 
group  had  bone  marrow  PAP  levels  greater  than  50  ng/ml.  In 
contrast,  in  patients  with  localized  disease  (A+B) , elevations 
were  observed  in  only  4%  of  the  cases.  However,  in  patients 
with  advanced  clinically  localized  disease  (C+Dl) , approxi- 
mately 28%  had  elevated  bone  marrow  PAP  values.  Clinically 
a significant  proportion  of  the  patients  in  this  group  (C+Dl) 
can  be  expected  to  develop  metastatic  disease. 
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FIGURE  II 
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Shows  the  distribution  of  bone  marrow  acid  phosphatase  levels  determined 
by  radioiirtnune  assay  from  patients  with  benign  prostatic  hyperplasia  (BPH) 
or  carcinoma  of  the  prostate  by  stage  (A,B,C,D]_ , or  Dj  ).  Open  data  points 
([  ])  indicates  aspirates  drawn  from  the  sternum.  Closed  data  points 
(C  ])  represent  aspirates  drawn  from  the  iliac  crest. 
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Discussion: 


No  singificant  difference  was  noted  in  serum  PAP  between 
patients  without  prostatic  disease  and  patients  with  BPH. 
However,  a difference  was  observed  in  the  distribution  between 
serum  and  bone  marrow  in  patients  with  BPH.  While  this  would 
indicate  a degree  of  non-specificity  in  the  RIA  it  does  not 
appear  to  interfere  greatly  with  the  overall  diagnostic  per- 
formance of  the  assay. 

As  expected,  serum  elevation  were  observed  in  all  cases 
following  TURP  using  either  RIA  of  enzymatic  analysis.  Serum 
elevation  following  prostatic  massage  has  been  a point  of 
controversy  for  a number  of  years.  Our  experience  indicates 
that  it  is  possible  to  elevate  serum  PAP  by  rectal  massage, 
Although  the  percentage  experiencing  elevation  is  low  (10%) . 

Poor  coorelation  with  the  presence  or  absence  of  prostatic 
adenocarcinoma  was  found  when  bone  marrow  PAP  was  assayed 
enzymatically  (Fig  1) . Results  of  bone  marrow  PAP  determi- 
nations by  RIA  correlate  well  with  the  stage  of  the  disease 
(Fig  II) . Nearly  all  of  those  patients  with  advanced  disease 
demonstrated  elevated  bone  marrow  PAP,  while  only  4%  of  those 
patients  with  localized  disease  demonstrated  elevations.  In 
those  patients  with  advanced  localized  disease  a 25%  elevation 
frequency  was  observed.  The  elevations  observed  in  this  group 
may  represent  the  detection  of  occult  metastatic  disease. 
Additional  follow-up  is  needed  to  verify  this. 

3.  Studies  on  Chloroquine  Resistance  in  Malaria 

Presently  we  are  unable  to  prevent  the  emergence  of 
resistance  towards  chloroquine  (CQ)  by  plasmodia,  and  we 
know  little  of  the  molecular  basis  for  it.  Although  plas- 
modia have  not  exhibited  resistance  towards  the  new  antima- 
larial  drug,  mefloquine,  there  is  no  assurance  that  resistance 
might  not  eventually  occur.  Therefore  a variety  of  consider- 
ations suggest  the  value  of  studying  plasmodial  chemother- 
apeutic drug  resistance. 

It  is  known  that:  (a)  CQ-sensitive  plasmodia  cause  the 
erythrocyte  to  take  up  more  CQ  than  do  resistant  plasmodia 
(Macomber  et.,  al . , 1966,  Fitch,  1970),  (b)  erythrocytes  in- 

fected witE~ CQ-resistant  plasmodia  lack  a high  affinity  bind- 
ing site  possessed  by  erythrocytes  infected  by  CA-sensitive 
plasmodia  (Fitch,  1970) , (c)  the  uptake  of  CQ  by  parasitized 

erythrocytes  requires  energy  (Polet,  1969) , (d)  the  amount  of 

CQ  taken  up  by  a parasitized  erythrocyte  is  function  of  both 
the  plasmodium  and  the  species  origin  of  the  erythrocyte 
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(Degowing  and  Powell,  1965,  Fitch,  1970),  and  (e)  competition 
and,  therefore,  structural  specificity  exists  with  respect 
to  the  uptake  of  CQ  by  psrasitized  erythrocytes  (Polet,  1969: 
Fitch,  1972) . Consideration  of  these  observation  has  led 
Fitch  (1974)  to  studies  on  the  uptake  of  CQ  by  uninfected 
erthrocytes  exposed  to  the  proteolytic  enzyme,  pronase, 
acting  as  a plasmodial  substitute.  Exposure  of  the  erythro- 
cytes to  pronase  caused  a stimulation  of  CQ  uptake,  but  such 
experiments  failed  to  test  the  specificity  of  this  process 
or  its  energy  dependence.  It  was  therefore  decided  to  use 
this  model  system  to  begin  studies  of  plasmodial  resistance 
to  CQ  and  a series  of  experimental  were  carried  out  to  determine 
the  specificity  and  other  characteristic  of  this  process  of 
attachment.  The  experimental  procedure  involved  incubation 
in  1%  glucose-  type  B human  blood  with  pronase  for  15  minutes 
at  37°C,  addition  of  (l^O-CQ  in  the  absence  or  presence  of  a 
200-fold  excess  of  (12C)-CQ,  and  continued  incubation 
for  a further  15  minutes.  Erythrocytes  were  then  washed  free 
of  excess  drug  by  three  consecutive  centrifugations  and  resus- 
pensions in  aliquots  of  isotonic  saline,  and  bound  drug  was 
extracted  by  incubation  of  erythrocytes  with  hot  5%  trichloro- 
acetic acid,  or  sodium  hydroxide  followed  by  a mixture  of  octanol 
and  heptane.  Radioactivity  was  assayed  by  liquid  scintillation. 
The  following  results  were  obtained:  (a)  erthrocytes  incubated 
with  pronase  bound  twice  as  much  CQ  as  did  pronase-free  erythro- 
cytes, (b)  non-radioactive  carrier  CQ  reduced  this  uptake  to  the 
level  of  the  pronase-free  cells,  (c)  exposure  of  erythroctyes 
to  ribonuclease  after  incubation  with  pronase  appreciably  reduced 
CQ  binding,  and  (d)  sulfhydryl  group  reagents  yielded  varied 
results.  Table  I presents  the  averages  and  standard  deviations 
of  experiments  concerned  with  the  specificity  of  CQ  binding  : 


Table  1 


(14C) -CQ 


BOUND  (cpm) 


+ Pronase 

-Pronase 

+ (12C) -CQ: 

1328  ± 520 

1452  ± 

971 

-(12C)-CQ: 

2378  ± 1701 

1277  ± 

800 

These  results  suggest  that  the  erythrocyte-pronase  system 
might  be  improved  to  serve  as  a model  system  for  a study  of 
the  uptake  of  CQ,  but  the  high  standard  deviations  indicate 
the  poor  reliability  of  present  experiments. 

Consideration  of  the  above  results  and  of  the  objectives 
of  these  experiments  has  led  to  a continuing  attempt  to  de- 
velop the  plasmodial  growth  system  to  Trager  et  al , (1975) . 


43 


i 


In  this  system,  plasmodia  undergo  repeated  subculturing  and 
replication  in  vitro,  thus  providing  an  animal-free  system 
with  which  to  study  plasmodial  control  of  CQ  uptake  by  eryth- 
rocytes. Several  such  week-long  experiments  have  been  con- 
ducted; 10  ml  of  diluted  human  type  B blood  were  incubated 
at  37°C  with  a 10  yl  inoculum  of  Actus  virgatus  blood  para- 
sitized with  Cq-resistant  falciparum;  the  human  blood 
sample  had  been  diluted  by  50%  with  Ringer's  solution,  sel- 
ected nutrients,  and  (^4  c) -deoxyadenosine  prior  to  incubation 
and  the  aerobic  atmosphere  had  been  replaced  with  an  atmos- 
phere of  7%  CO,,  5%  O2,  and  88%  N2.  A similar  culture  medium 
free  of  plasmodia  served  as  a control.  Each  aliquot  also 
contained  30  yg  streptomycin  per  ml  to  prevent  bacteria^ 
contamination.  The  growth  of  plasmodia  was  assayed  daily 
through  determination  of  the  incorporation  of  ( 14C) -deoxyade- 
nosine, and  through  the  occurrence  of  additional  parasitemia 
observed  under  a ligh  microscope.  Unfortunately  little  up- 
take of  label  occurred  although  some  increase  in  ring  forms 
was  noted.  This  might  become  a valuable  system  with  which  to 
study  plasmodial  control  of  CQ  uptake  by  erthrocytes  when 
larger  inocula  become  available,  since  the  thousand-fold 
dilution  of  parasitized  blood  employed  in  these  experiments 
renders  difficult  the  occurrence  and  assay  of  growth  and  rep- 
lication of  plasmodia.  Appreciable  reduction  in  the  volume 
of  human  blood  inoculated  will  not  permit  isolation  of  trans- 
port proteins  or  of  erythrocytic  binding  sites. 
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3. (U)The  objectives  of  this  work  unit  are  to(l)in  vitro  synthesize , isolate  and  charac- 
erize  antigenic  proteins  from  infectious  agents ( 2 Characterize  and  determine  mode  of 
ction  of  bacterial  toxins  and  other  products(3)in  vitro  synthesize  immunoglobulins  and 
4)employ  DNA  DNA  hybridization  for  identification  of  unknown  clinical  bacterial  isolate 
hese  studies  are  designed  to  facilitate  the  production  of  vaccines  against  infectious 
iseases  of  military  relevance. 

4. (U)A  cell-free  parasite  protein  synthesis  system  using  components  only  from  parasites 
ill  be  developed . These  proteins  will  be  evaluated  for  antigenic  properties  for  use  in 
eveloping  vaccines  against  parasites. Shigella  toxin  will  be  purified, characterized, its 
ode  of  action  determined  and  antibodies  against  it  will  be  produced. A cell-free  system 
or  synthesis  of  specific  antibodies  against  protein  will  be  developed. The  antibodies 
hus  synthesized  will  be  compared  with  in  vivo  synthesized  antibody  and  eventually  em- 
loyed  for  passive  inmunity.DNA  DNA  hybridization  will  be  employed  to  characterize  newlv 
solated  clinical  bacterial  isolates. 

5. (U)  76  10  - 77  09  A highly  sensitive  radioimmunoassay  for  morphine  was  employed  to 
etermine  the  rate  of  clearance  from  serum  of  morphine  administered  during  surgery. Pro- 
ein  synthesizing  systems  from  T.  rhodensiense  have  been  isolated  from  both  membrane- 
ound  as  well  as  cytoplasmic  ribosomes  in  order  to  investigate  the  mechanism  of  antigeni 
ariability. Shigella  toxin  was  found  to  inhibit  in  vitro  protein  synthesis  in  pro  and 
ucarvatic  species. Antibody  against  this  toxin  has  been  produced. A quantitative, re - 
reducible  colorimetric  assav  for  cvtotoxicitv  against  Hela  Cells  has  been  developed  for 
he  first  time. For  technical  reports  seg  WB/)£g  Annual  Progress  Report  1 Jul  76-30  Sep  77 
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RESEARCH  ON  MILITARY  DISEASES 


Project 

Task  01  Biomedical  Sciences 

Work  Unit  124  Biochemical  Research  in  Military  Diseases 
Investigators : 

Principal:  Bhupendra  P.  Doctor,  Ph.D. 

Associate:  Michael  Dodds,  Clarence  Bnery,  B.S.;  SP5  Steven  E. 

Engelsen;  George  R.  Fanning,  M.S.;  Mary  K.  Gentry,  B.S. 
Friedrich  E.  Hdhn,  Ph.D.;  SP5  Ronald  W.  Hill,  B.S.; 
Brian  W.  Jarvis  *,  Ph.D.;  CPT  Jeffrey  A.  Lyon,  MSC; 

John  G.  Olenick,  Ph.D.;  Earl  C.  Richardson,  M.S.;  SP5 
Duane  C.  Skar,  B.S.;  Mary  A.  Sodd,  M.S.;  Frank  E. 
Stokes;  CPT  Michael  R.  Thompson,  MSC;  SFC  Glennon  C. 
Vaughn;  Diana  Whitaker;  Alan  D.  Wolfe,  Fn.D. ; SP4 
Craig  G.  Zempel,  B.S. 

The  objectives  of  this  work  unit  are  to  determine  macromolecular  aspects 
of  diseases  of  military  importance  in  order  to  develop  diagnostic  and 
other  procedures  which  will  provide  early  detection,  prophylaxis,  or 
protection  of  military  personnel  from  such  diseases.  The  following 
studies  were  conducted: 

1.  DNA  relatedness  among  Enterobacteriaceae . 

2.  Characterization  of  Shigella  dysenteriae  toxin. 

3.  Development  of  in  vitro  polypeptide  synthesizing  systems  for  deter- 
mination and  characterization  of  the  mechanism  of  antigenic  variability 
of  Trypanosomes. 

4.  Drugs:  Macromolecule  Interaction 

5.  In  vitro  Biosynthesis  of  Antibody 

6.  Structure-Activity  Relationships  in  the  Chloramphemicol  Series 

1.  DNA  Relatedness  Among  Enterobacteriaceae 

Enterobacteriaceae  contain  pathogens  that  cause  a variety  of  disease 
including;  enteric  fever,  diarrhea,  urinary  tract  infection,  food  poison- 
ing and  bacteremia.  In  addition,  Enterobacteriace  contain  phytopatho- 
genic  bacteria.  The  identification  of  pathogenic  bacteria  and  the  deter- 
mination of  their  frequency  of  occurence,  especially  for  atypical  organ- 
isms and/or  organisms  not  usually  associated  with  disease,  is  an  extreme- 
ly important  aspect  of  medical  microbiology.  Our  studies  are  designed  to 
determine  DNA  relatedness  in  all  organisms  in  this  family  of  bacteria. 

The  data  obtained  are  used  for  the  following  purposes: 
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respectively.  Reassociation  between  DNA  from  the  indigenous  strain  NZP 
5105  and  other  indigenous  strains  averaged  64%.  The  proportion  of  non- 
camplementary  bases  included  in  reassociated  heterologous  duplexes  was 
determined  from  the  melting  profiles  of  the  duplexes  formed  at  65°  C. 
Reassociated  duplexes  from  R.  trifolii  contained  about  1%  of  noncomple- 
mentary base  pairs.  Reassociated  duplexes  of  DNA  form  CC809,  CC811, 
and  NZP5105  with  DNA  from  indigenous  strains  contained  an  average  of 
9.0,  8.5,  and  5.6%  of  noncomplementary  base  pairs  respectively.  Base 
sequence  homologies  did  not  substantiate  the  distinction  between  primary 
clusters  containing  New  Zealand  indigenous  rhizobia  proposed  by  the 
phenetic  classification,  but  they  confirmed  that  indigenous  rhizobia  are 
more  closely  allied  with  acid  producing  R.  lupini  than  with  R.  trifolii. 
The  relationships  among  rhizobia  are  discussed  in  relation  to  those  re- 
ported for  the  genus  Agrobacterium  in  which  the  genetic  composition  of 
the  population  is  much  more  clearly  understood  than  it  is  for  Rhizobium. 

-'This  investigation  was  carried  out  in  collaboration  with  Dr.  B.D.W. 
Jarvis,  Dept,  of  Microbiology  and  Genetics,  Massey  University,  New  Zea- 
land during  his  visit  to  WRAIR. 

2.  Characterization  of  Shigella  Dysenteriae  Toxin 

(a)  Biochemical  Studies 


From  previous  investigations  on  shiga  toxin  studies  a highly  en- 
riched toxin  preparation  was  obtained  from  S_.  dysenteriae  1 cell  extracts. 
The  active  preparation  is  judged  to  be  approximately  40%  pure  by  analyti- 
cal polyacrylamide  gel  electrophoresis.  It  demonstrated  cytotoxicity  to 
Hela  cells  (but  not  to  Y-l  adrenal  cells),  neurotoxicity  in  mice,  entero- 
toxicity  in  ligated  rabbit  ileal  loops,  and  inhibition  of  in  vitro  mamma- 
lian and  bacterial  protein  synthesis.  Furthermore,  analytical  polyacryl- 
amide gel  electrophoresis  of  this  material  derived  from  a preparative 
isoelectric  focused  fraction  separated  cytotoxicity  into  two  fractions, 
only  one  of  which  is  mouse  neutrotoxic.  Ileal  loop  activity  appears  to 
correspond  with  cytotoxicity.  The  lability  of  these  single  band  pre- 
paration has  so  far  precluded  determination  of  the  fraction(s)  responsible 
for  in  vitro  inhibition  of  protein  synthesis.  Preliminary  SDS  electro- 
phoresis of  125I-toxin  and  unlabeled  toxin  indicates  the  existence  of 
subunits. 

Material  from  non-denaturing  analytical  gel  bands  which  demonstrated 
toxin  activity  were  isolated  and  used  for  immunizing  animals  in  order  to 
obtain  antisera.  It  was  essential  to  couple  the  toxin  with  antisera  pre- 
pared against  crude  cell  extract  in  order  to  circumvent  the  high  level  of 
toxicity  of  toxin  in  rabbits.  Rabbits  received  multiple  injections  of 
coupled  toxin  in  complete  Freunds  adjuvant.  The  toxin  elicited  a response 
producing  antibody  capable  of  neutralizing  cytotoxicity.  Further  charac- 
terization of  toxin  antibody  is  in  progress. 
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(b)  In  Vivo  Studies 


of  diversity  between  species  of  proteae  can  be  taken  as  a basis  for  ar- 
guing that  proteae  be  placed  in  a separate  family.  Such  a decision  is 
unjustified  because  proteae  share  the  morphological  and  biochemical 
properties  of  the  family,  and  because  conserved  DNA  sequences,  such  as 
those  that  specify  ribosomal  ribonucleic  acid,  are  highly  related  between 
proteae  and  other  enterobacterium  and  substantially  less  related  between 
enterobacteria  and  members  of  other  families. 


Characterization  of  Yersinia  Ruckeri,  the  RM  Bacterium 

Cultures  of  RM  (red  mouth)  bacterium,  an  etiological  agent  of  red- 
mouth  disease  in  rainbow  trout  ( Salmo  gairdneri ) , were  characterized  by 
means  of  their  biochemical  reactions , by  DNA  hybridization,  and  by 
determination  of  guanine  and  cytosine  (GC)  ratio  in  DNA. 

The  DNA  relatedness  studies  have  confirmed  the  fact  that  the  RM 
hacteria  are  Enterobacteriaceae  and  that  they  coi.’prise  a single  species 
which  is  not  closely  related  to  any  other  species  of  Enterobacteriaceae . 
They  are  about  30%  related  to  species  of  both  Serratia  and  Yersinia. 
Biochemical  tests  have  shown  the  RM  bacteria  to  be  more  closely  related 
to  yersiniae  than  serratiae. 


The  GC  ratios  of  RM  bacteria  were  approximately  between  47.5%  and 
48.5%.  This  GC  range  is  similar  to  that  of  yersiniae  but  markedly 
different  frcm  that  of  serratiae.  On  the  basis  of  their  biochemical 
reactions  and  their  GC  ratios  the  PM  bacteria  are  classified  as  a new 
species  of  Yersinia , for  which  the  name  Yersinia  ruckeri  is  proposed. 


Phenetic  Similarity  and  DNA  Base  Sequence  Homology  of  Root 
Nodule  Bacteria  From  New  Zealand  Native  Legumes  and  Rhizo- 
bium  Strains  Fran  Agricultural  Plants 


A comparison  was  made  between  65  strains  of  root  nodule  bacteria 
frcm  indigenous  New  Zealand  legumes  and  45  reference  strains  including: 
Rhizobium  trifolii,  R.  phaseoli , R.  leguminosarum,  R.  meliloti,  and 
both  "acid-producing71’  and  "non-acid-producing"  strains  from  the  Lotus- 
Lupinus-Ornithopus  cross-inoculation  group.  The  strains  were  classified 
into  10  clusters  on  the  basis  of  37  morphological,  cultural,  and  phys- 
iological tests.  Relationships  disclosed  among  the  reference  strains 
were  in  accordance  with  current  ideas  on  Rhizobium  taxonomy.  The  in- 
digenous strains  were  well  separated  from  both  the  trifolii-leguminosar- 
um-phaseoli  complex  and  R.  meliloti  but  acid-producing  strains  from  the 
Lotus-Inpinus-Ornithopus  cross-inoculation  group  segragated  with  the  in- 
digenous strains.  The  principal  characters  differentiating  the  clusters 
are  discussed.  The  base  composition  of  DNA  from  representing  indigenous 
strains  was  determined  and  base  sequence  homology  studied.  The  relative 
reassociation  at  65°  C in  0.28M  phosphate  buffer  between  DNA  from  R.  tri- 
f ■ ilii  TA1  and  DNA  frcm  R.  lupini  strains  and  9 indigenous  strains 
CC809a  or  CC811  and  indigenous  strains  averaged  approximately  55%  and  62% 
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Relatedness  of  pectobacteria  pathogenic  to  corn,  grass  and  sugar 
cane,  and  of  isolates  of  Pectobacterium  chrysanthemi  pathogenic  for 
chrysanthema,  dahlia,  and  dieffenhachia  was  determined  by  means  of  DNA 
reassociation.  DNA  relatedness  data  indicate  that  com  stalk  rot  bac- 
teria and  strains  pathogenic  on  grass  are  highly  interrelated.  Further- 
more, strains  of  both  types  are  distinct  from  P.  carotovorum  and  are 
most  closely  related  to  P.  chrysar  iemi.  These  strains  are  approximately 
20%  related  to  most  enteric  bacteria.  P.  chrysanthemi  strains  fall 
into  two  relatedness  groups,  one  which  contains  isolates  frcm  chrysan- 
themum and  quayule  and  the  other,  isolates  from  dahlia  or  dieffenbachia. 

A sugar  can  strain  is  65%  related  to  both  the  com  stalk  rot  bacteria  and 
to  strains  of  P.  chrysanthemi.  It  is  suggested  that  all  of  these  organisms 
be  considered  as  P.  chrysanthemi  and  the  com  stalk  rot  and  grass  isolates 
be  designated  P.  chrysanthemi ; pathovar  zeae. 

DNA  Relatedness  In  Species  of  Proteus  And  Providencia 

DNA  reassociation  was  used  to  determine  relatedness  among  Proteus 
and  Providencia  and  between  these  organisms  and  other  enterobacteria 
The  results  indicate  that: 

a.  P.  mirabilis,  P.  morganii  and  P.  stuart ii  are  homogeneous  spe- 
cies. 


b.  P.  vulgaris , P.  rettgeri  and  P.  alcalifaciens  each  contain  more 
than  one  relatedness  group. 

c.  A group  of  urea-positive  strains  previously  called  P.  rettgeri 
biogroup  5 are  in  fact  P.  stuartii. 

d.  Proteus  myxofaciens  is  a valid  species. 

e.  Proteae  are  only  distantly  related  to  all  other  enterobacteria. 

Taxonomic  revisions  consistent  with  these  results  include  a 3 genus 
proposal  with  the  genus  Proteus  containing  P.  mirabilis,  P.  vulgaris  and 
P.  myxofaciens;  a separate  genus  for  P.  morganii;  and  the  genus  Providen- 
cia containing  P.  alcalifaciens , P.  stuartii  and  Proteus  rettgeri . 

In  an  evolutionary  sense  the  proteae  are  at  the  fringe  of  the  family 
Enterobacteriaceae . Relatedness  between  proteae  (except  for  P.  morganii) 
and  other  enterobacteria  is  between  5%  and  15%.  This  very  low  level  of 
relatedness  to  other  members  of  the  family,  coupled  with  the  large  degree 


(a)  To  identify  atypical  clinical  isolates  for  purposes  of  epide- 
miology and  treatment. 

(b)  To  develop  a classification  based  on  genotypic  relatedness  in 
place  of  phenotypic  characteristics. 

(c)  To  develop  a molecular  definition  of  a bacterial  species. 

Cd)  To  accurately  classify  newly  described  bacteria. 

(e)  To  assess  the  lines  of  evolutionary  divergence  in  pathogenic 
bacteria. 

Previous  data  have  indicated  that  enteric  bacteria  are  all  genetic- 
ally related.  The  majority  of  cases  show  a "core  relatedness"  of  about 
20-25%  among  these  organisms.  The  one  general  exception  is  found  in  the 
genera  Proteus  and  Providencia.  Most  of  these  organisms  exhibit  10-15% 
relatedness  to  members  of  all  other  genera. 

During  the  past  year  we  lave  concentrated  on  assessing  relatedness 
within  specific  genera  of  medical  importance,  clarifying  the  status  of 
recently  described  organisms,  as  well  as  atypical  organisms,  and  on  stud- 
ies involving  the  evolutionary  conservation  of  RNA  cistrons.  The  ma- 
jority of  our  research  is  in  collaboration  with  Dr.  Don  J.  Brenner,  Cen- 
ter for  Disease  Control,  Atlanta,  Ga. 

Conservation  of  t-RNA  and  5S  RNA  Cistrons  in  Enterobacteriaceae 


The  genes  for  transfer  ribonucleic  acid  (tDNA)  and  5S  ribonucleic 
acid  (5S  DMA)  were  isolated  from  the  total  DNA  of  E.  coli.  The  related- 
ness of  tDNA  and  5S  DNA  from  E.  coli  and  other  species  of  Enterobacteria- 
ceae was  determined  by  reassociation  of  the  isolated  genes  labelled  with 
32po4  to  unlabelled,  unfractionated  DNA.  Double-stranded  DNA  was  separat- 
ed from  unreacted  DNA  by  hydroxyapatite  chromotography . Thermal  elution 
profiles  were  done  to  determine  the  amount  of  unpaired  bases  present  in 
related  sequences.  Both  5S  DNA  and  tDNA,  relative  to  total  DNA,  were 
highly  conserved  throughout  the  Enterobacteriaceae,  including  the  genera 
Yersinia  and  Proteus. 

Genetic  Similarity  in  Biochemically  Atypical  Clinical  Isolates  of 
E.  coli 


Previous  DNA  hybridization  studies  have  shown  that  E.  coli  strains 
from  diverse  sources  of  isolation  and  geographical  areas  were  at  least 
75%  related.  DNA  hybridization  and  hydroxyapatite  chromatography  were 
used  to  determine  DNA  relatedness  between  atypical  "E.  coli  like"  clini- 
cal isolates  and  typical  E.  coli.  Except  for  yellow-pigjnented  KCN+  strains, 
all  of  rhese  organisms  were  90%  or  more  related  to  E.  coli  Kj~.  The  yellow- 
pigmented  KCN+  strains  were  87%  to  90%  interrelated- and  were  40%  to  45% 
related  to  typical  coli.  As  determined  by  DNA  relatedness  studies, 
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Consistent  with  the  theory  that  Shiga  toxin  is  a n®tur^c?^i!^L 
of  the  bacterium,  experiments  were  undertaken  to  determine  the  tune  course 
of  toxin  synthesis  relative  to  bacterial  growth;  synthesis  of  toxin  was 

found  to  occur  in  direct  proportion  to  growth,  and,  rather 

recovery  of  toxin  occurred  upon  alkaline  extraction  of  the  bacteria  rather 
Son  isolation  from  the  bacterial  culture  medium.  Thus  the  toxin 
appearS  to  be  present  in  direct  ratio  to  other  cellular  f^ents,  and 
not  readily  released  by  the  cell.  _ Both  observations  reinforce  the  idea 
that  the  toxin  is  a natural  constituent  of  these  bacteria. 

(c)  Universal  Existence  of  Shiga  Toxin  in  Enteropathogens 

One  possibility  regarding  the  role  of  toxin  in  pathogenicity  is  that 
almost  all,  if  not  all  enteropathogens  causingdiarrhea  P^ce  shig 
like  toxin.  This  hypotheses  has  been  tested  at  the  present.  The  pro 

cedures  developed  for  purification  of  Shiga  toxin  has  ^^^c^trains 
enrich  the  toxin  from  many  non-pathogenic  as  well  as  pathogenic  stra 
171.  Coli.  The  toxin  from  E.  Coli  is  "shiga  like  toxin",  as  evidenced 
bv  Tl)-It-is  neutralized  by  antisera  against  shiga  toxin  (2)  physico 
chemical  parameters  related  to  column  chromatography,  , 
some  electrophoretic  behavior,  (3)  cytotoxicity _ in  Hela  cells  and,  W 
enterotoxicity  in  rabbits.  Systematic  studies  in  various  phases  of  this 
SvSSSS  is  carried  out  in  the  Dept,  of  Bacterial  Diseases  m colla- 
boration  with  the  Div.  of  Biochemistry. 

(d)  A Novel  Cytotoxicity  Assay 

Cytotoxicity  to  Hela  Cells  1ms  commonly  been  employed  as  an  index 
of  activity  of  bacterial  toxins  and  viruses.  The  present  acceptable 
assay  required  confluent  monolayers  of  cells  in  a tube  containing  a large 
number  of  cells.  The  detachment  of  cells  is  taken  as  an  endpoint  of  the 
SaT  Thecost  is  very  high  and  also  the  assay  results  depend  on  batch 
of  cells  the  conditions  of  experimentation  and  other  parameters.  This 
^kef  th4  assa?  S^produciblefrcm  day  to  day,  person  to  person  and  from 
laboratory  to  laboratory.  The  modification  of  this  assay,  as  worked  out, 
iofoSy  elSinlSs  wJt  of  these  variables  but  also  nukes  possible  for. 

?£st  tlTqSntitation  of  activity.  The  modified  assay  Procedure  is 
briefly  described  here.  The  assay  utilized  microtiter  plates  and  cell 
concentrations  of  2-3  X 104  cells/0.1  nl/well.  Toxin 
suspensions  in  appropriate  medium  are  incubated  together  in  microti 
Dlates  At  the  end  of  the  incubation  period,  remaining  live  cells  are 
still  attached  to  the  bottom  of  the  well,  whereas  dead  ones  are  suspended 
£ the  ^iiS.  The  dead  cell  suspension  is  aspirated  off  and  the  attached 
cells  are  stained  with  crystal  violet.  After  rinsing  off  excess  dye,  the 
stained  cells  are  extracted  with  alcotol  and  the  absorbance  of  the  extract 
is  measured  spectrophotometr ical ly  to  quantify  the  amount  of  live  cells 
remaining  in  a given  well. 


A typical  profile  is  shown  in  Figure  1. 
lyzed  in  several  ways. 


These  profiles  can  be  ana- 
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(I)  If  negative  control  samples,  (i.e.,  wells  containing  cells  with 
no  toxin)  are  included  in  the  assay,  a graphic  estimate  of  the  toxin  dilu- 
tion correspondence  to  the  50%  absorbance  can  be  made  from  a semi-log  plot, 
the  figure  of  50%  cell  death  (LD50)  being  interpreted  as  the  end-point  of 
the  assay. 

(II)  Fran  a log- log  plot  the  most  linear  portion  of  the  curve  can  be 
chosen  (solid  line,  Figure  2);  a least-squares  linear  regression  of  the 
form  y=a+bx  will  give  the  equation  for  the  best  straight  line  and  the 
point  on  that  line  which  corresponds  to  50%  of  the  negative  control 
value  indicates  the  end-point  of  the  toxin  dilution. 

(III)  Alternately,  all  points  from  the  canplex  log-log  plot  (solid 
line  plus  dashed  line,  Figure  2)  can  be  analyzed  iteratively  by  computer 
to  give  an  estimate  of  the  LD50  dilution.  The  general  model  for  this 
solution  is  of  the  form. 


tl  „ a + <J  , j 

’ • 

where  a is  the  absorbance  at  minimum  cell  death,  d is  the  absorbance  for 
maximum  cell  death,  b is  the  "steepness"  of  the  curve,  and  c is  the  toxin 
dilution  corresponding  to  the  LD50  (a+d/2).  The  advantages  of  this  method 
are  two-fold:  it  is  not  necessary  to  include  negative  controls  on  the 
microtiter  plates  and  the  method  used  to  analyze  the  curves  allows  confi- 
dence limits  to  be  placed  on  the  estimates  of  the  parameters.  Nonetheless, 
agreement  between  the  methods  is  good,  the  toxin  dilution  resulting  in 
LD50  for  the  assay  shown  being  estimated  at  10”^ • ^(graphic  method),  10-6*63 
(linear  regression  technique),  and  10“^ • 5?  (nonlinear  least  squares  re- 
gression) . 

This  assay  therefore  provides  a new  and  sensitive  procedure  for  quan- 
titation of  the  potency  of  toxins,  drugs,  and  viruses. 


(e)  Action  of  Shiga  Toxin  on  In  Vitro  Pol 


Systems  of  Prokaryotic  Origin 


tide  Synthesizin 


Previous  studies  showed  that  Shiga  toxin  inhibits  polyphenylalanine 
synthesis  in  cell-free  systems  derived  from  eukaryotes.  In  view  of  the 
possibility,  however,  that  the  toxin  may  be  normally  a functional  constit- 
uent of  Shigella  dysenteriae  as  well  as  of  other  enteric  bacteria,  it  be- 
came of  great  interest  to  extend  our  investigation  to  include  determi- 
nation of  the  influence  of  Shiga  toxin  on  similar  polypeptide  synthesiz- 
ing systems  derived  from  Escherichia-col i and  Shigella  dysenteriae . In- 


creasing amounts  of  the  toxin,  preincubated  with  ribosomes  prepared  from 
either  bacterial  species,  followed  by  addition  of  the  conventional  react- 
ion components,  produced  almost  identical  degrees  of  inhibition  of  poly 

or/ 


U-directed  synthesis  of  polyphenylaline . The  property  of  the  toxin  to 
inhibit  a cell-free  system  from  E.  coli  was  not  unexpected,  but  that 
this  inhibitory  property  extends  to  a system  derived  from  the  bacterium 
from  which  the  toxin  was  obtained  is  unexpected,  although  not  without 
precedent,  since  the  E.  coli  ribosomal  protein  S 1 when  purified  and 
added  exogenously  to  similar  amino  acid  polymerizing  systems  is  inhibi- 
tory (Jay  and  Kaempfer,  1974).  Natural  products  out  of  situ  may  become 
inhibitors  in  systems  in  which  they  function  by  virtue  of  configuration 
and  locus. 

Heating  the  toxin  for  5 minutes  at  90°  C almost  totally  destroyed  its 
inhibitory  action.  Preincubation  of  other  components  of  the  reaction  mix- 
ture, i.e.,  poly  U,  the  enzyme  supernatant  fraction,  or  transfer  RNA,  with 
the  toxin  revealed  only  minimal  degrees  of  inhibition  when  compared  with 
inhibition  achieved  through  preincubation  of  the  toxin  with  ribosomes. 
However,  increasing  the  time  of  preincubation  of  ribosomes  with  toxin  did 
not  increase  the  extent  of  inhibition:  the  ribosomes  had  merely  to  be  pre- 
exposed to  toxin.  The  results  suggest  that  the  toxin  my  react  with,  or 
bind  to,  ribosomes  and  that  the  ribosome  my  be  the  primary  site  of  toxin 
action. 

Experiments  were  performed  to  determine  the  effect  of  toxin  on  the 
kinetics  or  rate  of  formation  of  polyphenylalanine.  Reaction  mixtures 
were  incubated  at  30°  C to  slow  the  rate  of  synthesis  and  to  prolong  the 
linear  phase  of  incorporation  of  radioactive-labelled  phenylalanine  into 
polypeptide.  Toxin  was  added  to  an  amount  to  produce  approximately  70% 
inhibition.  When  pre-exposed  to  ribosomes,  toxin  decreased  the  rate  of 
polyphenylalanine  formation  by  a constant  percentage.  However,  if  the 
same  amount  of  toxin  was  added  to  an  assay  mixture  5 minutes  after  the 
start  of  phenylalanine  polymerization,  the  rate  of  synthesis  remained 
unaffected.  It  appears  that  riboscmes  programmed  and  synthesizing  poly- 
phenylalanine are  not  susceptible  to  toxin  action  indicating  a preferen- 
tial inhibition  of  initiation  of  protein  synthesis. 

Reaction  mixtures,  in  which  toxin  was  absent,  or  in  which  ribosomes 
had  been  pre-exposed  to  toxin,  were  analyzed  both  by  light  scattering  and 
by  sucrose  density  gradient  centrifugation.  Light  scattering  analysis  of 
such  reaction  mixtures  revealed  that  those  systems  containing  toxin  exhib- 
ited higher  scatter  than  did  the  uninhibited  systems.  Comparison  of  su- 
crose gradients  from  toxin  containing  and  toxin-free  systems  revealed 
that  monoscmes  from  the  toxin  containing  reaction  mixtures  sedimented 
slightly  more  rapidly  or  possessed  a slightly  greater  absorbance  at  260 
run  than  did  monosomes  from  toxin-free  mixtures.  The  light  scattering 
characteristics  and  the  sucrose  density  gradient  characteristics  of  the 
respective  systems  are  in  agreement  and  suggest  that  the  toxin  prevents 
the  ribosome  from  dissociating  into  its  subunits  as  uninhibited  ribosomes 
do.  Sucrose  gradients  also  showed  that  the  toxin  did  not  selectively 
inhibit  polyphenylalanine  synthesis  by  monosomes  or  polysomes;  uniformly 
lower  amounts  of  polyphenvlalanine  were  observed  throughout  the  gradients 
of  the  toxin-containing  systems  In  comparison  with  the  toxin-free  systems. 
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(f)  Relationships  of  Shigella  flexneri  2a  toxin  to  S.  dysenteriae  1 
toxin. 

A toxin  extracted  from  heat  inactivated,  alkaline  treated  S_.  flex- 
neri 2a  showed  biological  properties  similar  to  S_.  dysenteriae  1 toxin. 
The- S.  flexneri  2a  toxin  was  lethal  to  mice,  enterotoxic  for  ileal  loops 
of  rabbits  and  cytotoxic  for  Hela  cells.  A serological  relationship 
between  S.  flexneri  2a  and  S.  dysenteriae  1 toxin  was  shown  with  cross 
neutralization  tests.  The  details  of  this  investigation  appears  else- 
where in  this  annual  report. 

(g)  Effect  of.  Shiga  toxin  on  PHA  Stimulated  Lymphocyte  Transforma- 
tion 

One  of  the  proposed  mechanisms  of  action  of  Shigella  toxin  was  the 
inhibition  of  protein  synthesis.  In  order  to  test  this  hypothesis  lym- 
phocyte cultures  were  prepared  utilizing  human . peripheral  blood  lympho- 
cytes stimulated  with  PHA  mitogen.  Concentrations  ranging  from  10 
to  103  dilutions  of  a partially  purified  toxin  of  Shigella  dysenteriae 
were  added  at  the  time  of  PHA  stimulation  (0  day)  and  at  4 days  of  cul- 
ture. This  allowed  the  testing  of  the  toxin  effects  upon  the  transfor- 
mation process  and  upon  the  actively  synthesizing  cell.  A single  prep- 
aration of  toxin  was  used  throughout  the  experiments.  This  lot  was 
found  to  be  toxic  to  Hela. cells  at  10  dilution.  All  cultures  were 
pulsed  for  18  hours  with  JH- thymidine  (for  DNA  determination)  and  C 
amino  acid  mixture  (for  protein  determination)  at  4 days  of  culture. 

Of  the  five  individuals  tested,  two  did  not  have  known  prior  expo- 
sure to  S.  dysenteriae  or  its  toxins.  One  of  the  three  remaining  had  an 
active  case  of  shigella  dysentery  within  the  last  three  years,  another 
had  been  exposed  to  the  disease  early  in  life  because  the  disease  was  en- 
demic to  the  area  in  which  he  had  lived;  the  last  individual  had  a current 
laboratory  exposure  from  extracting  and  purifying  shigella  toxin.  The 
toxin  was  found  not  to  effect  DMA  or  protein _ synthesis  in  the  four  day 
cultures  of  lymphocytes  from  unexposed  individuals  but  was  inhibitory  for 
both  protein  and  DMA  synthesis  at  dilutions  greater  than  10  in  zero  day 
cultures.  This  suggests  that  the  toxin  may  interface  with  the  mitogen- 
induced  transformation  process  in  unsensitized  individuals.  In  the  three 
individuals  with  exposure  histories  the  results  are  not  so  definite. . 
Differences  in  response  ranged  from  a stimulation  of  protein  synthesis  in 
zero  and  four  day  cultures  to  no  effect.  These  observations  are  prelimi- 
nary and  thus  no  conclusion  can  be  drawn  from  them. 

Shiga  toxin  studies  are  carried  out  in  collaboration  with  investi- 
gators in  the  Dept,  of  Bacterial  Diseases  and  Virus  Diseases,  DCD&I. 

Development  of  In  Vitro  Polypeptide  Synthesizing  Systems  for  Deter- 
mination and  Characterization  of  the  Mechanism  of  Antigenic  Variabil- 
ity of  Trypanosomes . 
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Since  it  is  possible  that  U.S.  military  persomel  may  be  required 
to  operate  in  areas  where  trypanosomiasis  is  endemic,  a greater  under- 
standing of  this  parasitic  disease  is  required  in  order  to  develop  more 
efficient  means  of  control,  prevention,  and  clinical  treatment. 

An  immunotherapeutic  approach  has  been  difficult  and  is  hindered  by 
the  capability  of  the  salivarian  trypanosomes  to  evade  the  iirmune  mech- 
anisms of  the  infected  host.  In  response  to  the  successive  production 
of  specific  antibodies,  antigenically  variable  trypanosomes  emerge 
sequentially  in  the  blood  causing  waves  of  parasitemia  in  which  the  para- 
sites arising  in  the  blood  of  each  succeeding  wave  differ  antigenically 
from  those  of  preceding  waves. 

It  was  first  proposed  by  Vickerman  (1969)  that  the  surface  coat  of 
salivarian  trypanosomes  may  be  intrinsically  involved  in  the  phenomenon 
of  antigenic  variation.  It  is  now  known  frcm  the  work  of  Cross  (1975) 
that  the  variant  antigen  is  a glygoprotein  and  is  a major  component  of 
the  trypanosome  surface  coat . Glyprotein  surface  antigens  prepared  from 
related,  but  antigenically  different,  trypanosomes  have  been  shown  (Brid- 
gen.  Cross  £ Bridgen,  1976)  to  be  immune  specific  and  to  have  completely 
different  amino  acid  sequences.  It  appears,  therefore,  that  the  anti- 
genic glycoproteins  of  variant  trypanosomes  are  unique  and  are  not 
simply  minor  modifications  of  a basic  type. 

It  was  also  suggested  by  Vickerman  (1969)  that  the _ extracellular 
surface  coat  is  a secreted  product  of  trypanosomal  origin  and  not  simply 
an  accretion  of  host  serum  proteins.  Taylor  and  Cross  (1977)  have  demon- 
strated the  cycloheximide  and  puromycin-sensitive  incorporation  of  (S) 
L-methionine  into  the  surface  glycoprotein  of  trypanosomes  maintained  in  a 
chemically  defined  medium  indicating  that  the  variant  antigen  is  indeed 
biosynthesized  and  incorporated  into  the  surface  coat. 

Although  biochemical  investigations  have  apparently  provided  sane  in- 
formation on  antigens  and  antigenic  variation  in  the  African  trypanosomes , 
further  studies  are  obviously  required  before  the  actual  mechanism(s)  in- 
volved in  antigenic  changes  can  be  elucidated.  Such  knowledge  would  un- 
doubtedly be  of  immense  practical  importance  in  the  ultimate  development 
and  successful  use  of  vaccines  against  African  sleeping  sickness. 

The  present  studies  were  initiated  to  investigate  the  possibility 
of  synthesizing  the  variant  antigen  in  vitro  by  a cell-free  ribosome- 
enzyme  system  isolated  from  a cloned  strain  CP3B3  of  Trypano soma  rhode- 
siense.  In  the  cytoplasm,  ribosome  either  occur  freely  or  are  associated 
with  the  endoplasmic  reticulum.  It  is  generally  accepted  that  the  free 
cytoplasmic  roboscmes  are  employed  in  the  biosynthesis  of  protein  intend- 
ed for  internal  use,  whereas  the  ribosomes  that  are  attached  to  the  endo- 
plasmic reticulum  are  responsible  for  making  of  proteins  to  be  secreted 
outside  the  cell.  Since  available  evidence  suggests  that  the  surface 
coat  variant  antigens  are  secreted  or  exported  to  the  outside  of  the  cell, 
it  was  decided  to  prepare  both  free  and  membrane-bound  polyribosomes  to 
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utilize  these  ribosamal  preparations  in  a homologous  cell-free  protein 
synthesizing  system,  and  to  identify  the  synthesized  proteins  by  immuno- 
coprecipitation  with  isolated  and  purified  surface  glycoprotein  and  spe- 
cific antiserum. 

Male  rats  (250-400  g,  Walter  Reed  strain)  were  infected  intra- 
peritoneally  with  stabilates  from  a cloned  strain  CP3B3  of  Trypano- 
soma  rhodesiense.  A parasitemia  was  generally  achieved  after  72-96  hours. 
Rits  were  anesthesized  with  ether  and  exsanguinated  via  the  aorta  using 
heparin  as  anticoagulant.  The  collected  parasitized  blood  was  centri- 
fuged in  15  ml  tubes  for  10  minutes  at  1500  g.  Serum  lying  above  the 
buffy  layer  of  trypanosomes  was  removed  and. the. parasites  were  care- 
fully (to  ensure  minimal  erythrocyte  contamination)  drawn  into  a pipette 
and  applied  to  a column  of  DEAE-cellulose . Trypanosar.es  were  eluted 
under  conditions  where  host  blood  cells  were  retained.  .The  purified, 
trypanoscmes  were  sedimented  and  further  washed  as  required.  Suspensions 
of  trypanosones , separated  from  parasitized  rat  whole  blood  by centri 
fugation  and  purified  free  of  contaminating  blood  by  passage. throug  a 
column  of  DEAE-cellulose,  were  disrupted  by  homogenization  with  glass 
beads  in  a Sorvall  Omni-Mixer.  Free  polyribosomes  and  membrane-bound 
polyribosomes  were  prepared  from  the  broken  cell  suspensions  using  a 
discontinuous  density  gradient  centrifugation  technique.  Conventional 
renuirements  for  in  vitro  protein  synthesis  were  employed  in  assaying . 
the  two  polyribosomal  preparations  and  radioactive  labelled  amino  acids 
were  indeed  incorporated  into  proteins  (trichloracetic  acid-insoluble 
material),  albeit  at  low  specific  activities.  At  the  present  time,  the 
cell- free  extracts,  preparations  of  ribosomes  and  supernatant  enzyme, 
fractions,  are  being  characterized  and  optimal. requirements. for  the  ^n 
vitro  synthesis  of  proteins  are  being  systematically  determined  m order 
to  increase  substantially  the  activities  of  the  homologous  systems. 
Biochemical  studies  such  as  these  require  a plentiful  supply  of  trypano- 
somes. Therefore,  efforts  are  being  made  to  secure  adequate  amounts 
both  through  the  isolation  of  trypanosares  from  parasitized  animals. and 
by  the  in  vitro  culturing  of  animal-infective  trypanoscmes  as  described 
by  Hirumi,  Doyle  £ Hirumi  (1977). 

4.  Drugs:  Macromolecules  Interaction 

Studies  on  the  inhibition  of  DNA  synthesis  by  intercalating  drugs, 
such  as  the  antimalarials  chloroquine  and  quinacrine,  have  been  conducted 
in  vitro  (O’Brien  et  al,  1966),  utilizing  purified  Escherichia  coli  poly- 
fnerase  I.  Recently  E.  coli  polymerase  III  has  been  shown  to  be  essential 
for  DNA  replication  in  vivo.  A demonstration  that  pol  III  would  be  mhi- 
bited  by  intercalants  thus  was  necessary. to  support  current  concepts  that 
these  compounds  prevent  cell  and  plasmodial  replication  through  suppres- 
sion of  DNA  synthesis.  DNA  polymerase  III  frcm  E.  coli  N211  pol  A trypgal 
was  purified  by  the  method  of  Wickner  and  Komberg  (1974)  and  its  activi- 
tv  was  tested  in  the  presence  and  absence  of  a selected  group  of  antiplas- 
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modial  and  intercalating  drugs  and  canpounds.  Enzymatic  activity  was 
suppressed  by  all  the  tested  intercalants,  and  their  activity  varied 
directly  with  their  planar  area.  Probit  transformation  analysis  show- 
ed the  inhibitions  to  be  linear,  suggesting  a single  mode  of  action. 
Preincubation  of  the  enzvme  itself  with  a concentration  of  ethidium  bro- 
mide which  yielded  50%  inhibition  of  polymerization  (7  X 10-5M)  failed 
to  enhance  inhibition.  The  results  led  to  three  conclusions:  (1)  inter- 
calants and  intercalating  antimalarial  drugs  inhibit  polymerase  II  cata- 
lyzed replication  of  DNA,  (2)  one  mode  of  action  is  involved,  and  (3) 
the  mode  of  action  involves  drug  DNA  template  or  primer  interaction. 

5.  In  Vitro  Biosynthesis  of  Antibody 

The  project  involves  two  approaches,  (1)  the  humoral  aspects  of 
antibody  production,  and  (2)  the  cellular  aspect  of  antibody  production. 

(a)  Humoral  Aspects:  A method  has  been  developed  which  permits  the 

conjugate  of  succinylmorphine  and  human  serum  albumin  to  be  covalently 
bound  to  sheep  erythrocytes.  The  binding  was  accomplished  by  a carbodii- 
mide  reaction  and  caused  only  insignificant  lysis  of  the  erythrocytes. 

The  derivated  erythrocytes  were  sensitive  to  agglutination  and  complement 
fixation. 

Several  methods  were  established  for  obtaining  total  gamma  globulin 
or  anti-morphine  gamma  globulin  at  purities  greater  than  95%  as  deter- 
mined by  sodium  dodecyl  sulfate  (DSD)  electrophoresis:  (1)  Ammonium  sul- 
fate precipitation,  as  described  by  Campbell  et  al,  (1974),  followed  by 
Agarose  5-m  and  Sephadex  G-100  chromatography.  (2)  Specific  absorption 
of  Fc  fragments  to  Staph  A Sepharose  and  elution  with  0.1M  glycine  HC1 
permits  elution  of  pure  gamma  globulin.  (3)  A twenty  fold  or  better  pu- 
rification of  anti-morphine  gamma  globulin  from  total  gamma  globulin  was 
achieved  using  succinylmorphine  as  an  affinity  chromatography  matrix. 
Elution  of  the  specific  gamma  globulin  from  the  column  was  effected  with 
8 M guanidine  HC1.  (4)  Preabsorption  of  serum  albumin  on  Blue  dextran 
Sepharose  followed  by  chromatography  on  A-5M  agarose  was  found  to  be 
unsatisfactory  for  pure  gaima  globulin  isolation. 

Studies  are  also  being  conducted  on  the  protein  biochemistry  and  the 
immunological  activity  of  the  isolated  globulins.  The  loss  of  antibody 
activity  on  dialysis  has  been  a continuing  problem.  The  antibody  activi- 
ty losses  are  minimal  when  high  concentrations  of  antibody  are  used.  Mor- 
phine immune  gamma  globulin,  after  reduction  with  dithiothreotol  and  al- 
kylated with  iodoacetic  acid,  shows  only  light  and  heavy  chains  on  SDS 
electrophoresis.  The  modified  gamma  globulin  exhibits  no  loss  of  binding 
activity.  The  separation  of  the  light  and  heavy  chains  by  gel  filtration 
in  guanidine  HC1  is  planned  since  methods  for  determining  binding  activity 
in  the  presence  of  guanidine  HC1  have  been  developed. 

The  filter  technique  for  antigen-antibody  reactions  was  further 
evaluated.  To  demonstrate  that  the  filter  binding  of  gamma  globulins 
was  not  merely  an  artifact  of  rabbit  anti-morphine  gamma  globulin,  bind- 
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ing  studies  with  ui  dinitrophenyl  (DNP)  lysine,  anti  DNP  (Sheep)  and 
anti  DNP  (rabbit)  were  performed.  The  test  complexes  were  bound  by  the 
filter.  The  method  further  demonstrated  its  utility,  using  age  response 
experiments  in  mice.  The  selective  binding  of  3H-morphine  to  immunized 
mouse  globulin  was  observed.  Experiments  are  being  conducted  to  deter- 
mine which  portion  of  the  anti-morphine  garni ra  globulin  is  bound  by  the 
filter. 


The  filter  binding  method  has  been  adapted  to  the  assay  of  anti- 
morphine gamma  globulin  in  the  presence  of  a large  excess  of  competing 
non-labelled  ligand.  The  protein  plus  non-radioactive  ligand  is  applied 
to  the  filter,  the  filter  is  washed,  incubated  with  an  excess  of  labelled 
ligand,  washed  with  a high  ionic  strength  buffer,  and  counted  for  radio- 
activity. This  method  is  also  used  for  the  detection  of  anti-morphine 
gamma  globulin  in  the  presence  of  denaturants. 

(b)  Cellular  Aspects:  There  has  been  a developing  interest  in  the 

study  of  the  origin  of  antibody  diversity,  specialization  of  lymphocyte 
populations  and  basic  mechanisms  of  inmunoglobulin  biosynthesis.  There- 
fore, methods  have  been  developed  and  focused  on  isolating  cell-free 
inmunoglobulin  synthesizing  systems.  Most  of  the  investigations  have 
utilized  the  immune  globulin  producing  murine  plasmacytoma  cells  which 
serve  as  a source  of  the  instructional  molecule  for  immune  globulin 
synthesis.  The  mRNA  is  able  to  induce  in  cell  free  extracts,  derived 
from  Ehrlich  ascites  tumor  cells  or  wheat  germ  products  that  are  anti- 
genically  and  structurally  related  to  the  immunoglobulin  produced  by  the 
intact  myeloma.  One  of  the  limitations  of  the  murine  plasmacytoma  immuno- 
globulin is  a lack  of  known  antibody  function.  It  does  possess  an  anti- 
body-like affinity  for  dinitrophenyl  and  trinitrophenyl  groups,  but  its 
binding  constant  for  these  groups  is  several  orders  of  magnitude  less 
than  that  associated  with  antigen-antibody  reactions,  indicating  a 
probable  non-ant ibodv  function. 

The  immuno-responsive  cells,  the  lymphocyte  and  plasma  cell  are  re- 
sponsible for  the  biosynthesis  of  immunoglobulins,  a population  of  lym- 
phocytes, bone  marrow  derived,  (B  cells),  contain  receptor  immune  globu- 
lins in  their  outer  membrane.  Specific  antigens  attach  to  this 
membrane  bound  antibody  or  receptor  site  on  the  B cell  and  stimulate  it 
to  differentiate  and  proliferate  into  immunoglobulin  producing  and  secret- 
ing plasm  cells.  Since  the  formation  of  antibody  by  a lymphocyte  that  is 
specific  for  an  antigen  or  hapten  indicates  that  it  carries  the  instruct- 
ional mRNA,  it  should  be  possible  to  isolate  this  molecule  and  produce 
specific  antibody  in  vitro  with  a cell  free  protein  synthesizing  system. 
This  project  is  being  conducted  in  three  phases: 

Phase  I Production , isolation  and  purification  of  specific 
antibody  lymphoid  cells. 

Phase  II  Extraction,  purification  and  translation  of  antibody 
specific  mRNA. 


Phase  HI  In-vitro  and  in-vivo  assay  of  cell  free  product. 

The  initial  experiments  in  Phase  I consisted  of  demonstrating  a 
cellular  immune  response  to  the  hapten,  morphine.  This  hapten  was 
selected  because  a humoral  immune  response  had  been  demonstrated  to  it 
when  it  was  succinylated  and  conjugated  to  bovine  serum  albumin,  and 
a sensitive  radio-immuno  assay  for  it  had  been  developed,  thus  facilita- 
ting the  detection  of  the  hapten  or  its  antibody.  Antigen  stimulated 
cultures  of  spleen  cells  from  C57  B1/6J  mice  that  had  been  injected  with 
saline,  morphine  sulphate  (MS),  succinylmorphine  conjugated  to  bovine 
serum  albumin  (SM-BSA),  or  bovine  serum  albumin  (BSA)  in  50%  coup  let  e 
Freund's  adjuvant.  The  in-vitro  stimulating  antigens  consisted  of  var- 
ious concentrations  of  MS,  SM-BSA  and  BSA  and  the  mitogens  phytohemag- 
glutinin (FHA-P)  and  lipopolysaccharide  (LPS).  Labelled  thymidine  incor- 
poration was  employed  as  an  indicator  for  cell  responsiveness.  It  was 
found  in  the  mitogen-stimulated  cultures  that  there  was  a relatively 
greater  response  to  PHA-P  and  LPS  in  cells  from  MS  S SM-BSA  injected  mice 
than  cells  from  saline  and  BSA  injected  mice  with  maximum  values  obtained 
at  6-7  days  after  injection.  In-vitro  lymphocyte  reaction  was  also  great- 
er in  MS  and  SM-BSA  spleen  cells  compared  to  saline  and  BSA  cells.  These 
results  indicate  that  MS  when  injected  into  mice  is  able  to  elicit  a pop- 
ulation of  lymphocytes  capable  of  being  transformed  by  the  stimulation 
of  MS  and  this  population  of  responsive  cells  exhibit  a peak  at  6-7  days. 

6.  Structure-activity  relationships  in  the  chloramphenicol  series. 


The  antibiotic,  chloramphenicol,  is  a drug  of  military  importance. 

Its  effectiveness  against  rickettsial  infections  (scrub  typhus)  was  first 
demonstrated  in  Kuala  Lumpur  by  a team  of  investigators  from  WRAIR.  It 
remains  the  drug  of  choice  in  the  treatment  of  typhoid  fever  and  of  other- 
wise rapidly  fatal  cases  of  bacterial  meningitis.  Its  medical  usefulness 
is  compromised  by  its  ability  to  cause  aplastic  anemia  through  an  unknown 
mechanism  in  one  case  per  20,000  to  30,000  administrations.  Plasmid-mediat- 
ed resistance  to  chloramphenicol  is  a frequent  occurrence,  caused  by  acet- 
ylation of  the  two  hydroxyl  groups  of  the  drug  by  plasmid  gene  products. 
The  development  of  superior,  plasmid-insensitive  and  non- toxic  derivatives 
of  chloramphenicol  appears  to  be  feasible. 

For  this  purpose,  the  extensive  body  of  structure-activity  data  on 
more  than  500  synthetic  derivatives  and  analogs  has  been  collated  and 
analyzed  with  a view  to  arriving  at  a prototypical  structure  which  can 
guide  successful  molecular  modification. 

For  the  purpose  of  analysis,  the  molecule  of  the  drug  can  be  sub- 
divided into  three  moieties  I.  The  electronegatively  substituted  aro- 
matic ring  system,  II.  The  acyl  side  chain  and  III.  The  1, 3-propane 
diol-2-amido  side  chain. 


Figure  I 
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I.  The  aromatic  ring  system  permits  considerable  variations  w^th  . 
respect  to  the  ring  structure  itself  and  to  its  substituents,  resulting  m 
compounds  whose  antibacterial  activities  are  modified  rather  than  abolish- 
ed. The  p-nitrcphenyl  group  can  be  replaced  by  biophenyl,  4 - bromobi- 

phenyl  or  4'  - methylbiphenyl  without  significant  loss  ( and  for  Sarcina 
lutea  even  a gain  up  to  2.8  times)  in  antibacterial  potency.  The  p-nitro- 
azobenzene  derivative  of  chloramphenicol  approaches  the  antibacterial  po-. 
tency  of  the  antibiotic  itself.  The  P-SCH3  derivative,  also . has  high  anti- 
bacterial activity.  Replacing  p-nitrophenyl  by  5-nitro-2-thienyl,  5-nitro- 
2-thienyl,  5-nitro-l-naphthyl  or  4-pyridyl  results  in  compounds  with  sig- 
nificant antibacterial  activities.  Evidently,  the  steric  properties  of 
the  aromatic  system  are  not  of  critical  importance  for  the  antibacterial 
action  of  chloramphenicols , except  that  ortho  or  meta  substitution  appears 
substantially  to  reduce  potency. 

The  antimicrobial  potency  is  a function  of  the  relative  electronega- 
tivity of  the  para  substituent  of  the  aromatic  ring  system  as  shown  m 

Figure  2. 
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Figure  II.  The  logarithms  of  the  per  cents  reduction  in  bacterial  (E.coli) 
growth  rates  by  a series  of  chloramphenicol  derivatives  plotted  as  a func- 
tion of  the  electrolytic  dissociation  constants  of  correspondingly  para- 
substituted  benzoic  acids. 

While  the  electronic  properties  of  the  substituents  might  be  deter- 
minants of  the  antibacterial  potencies  of  these  derivatives,  one  should 
not  exclude  additional  contributions  fran  hydrophobic  effects  which  may 
play  a role  in  the  penetration  of  the  compounds  into  the  bacterial  cells 
and  especially  in  the  attachment  to  their  site  of  action.  Substitution 
in  the  para  position  of  six  ionogenic  and,  hence,  hydrophilic  groups 
abolished  antibacterial  activity. 

II.  The  acyl  side  chain  is  essential  for  antibacterial  potency  ; 
the  deacylated  chloramphenicol  base  is  almost  devoid  of  activity.  Varia- 
tions of  the  acyl  substituent  have  been  the  most  frequently  introduced 
alterations  of  the  chloramphenicol  molecule.  On  the  basis  of  insufficient 
growth  inhibition  data,  Hahn  had  speculated  that  the  electronegativities 
of  the  acyl  substituent  were  determinants  of  antibacterial  potency.  When 
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this  idea  was  reexamined,  using  inhibition  data  of  Hansch,  no  satisfac- 
tory correlation  was  obtained.  For  example,  chloramphenicol  itself  had 
a log  k of  2.00  with  dichloroacetic  acid  having  a Kq  of  3.32  X 10“  2 and 
pk  of  1.48,  while  the  trichloroacetyl  derivative  had  a log  k of  0.75 
with  trichloroacetic  acid  having  a of  2 X lO-1  and  a pk  of  0.70.  It 
should  be  noted  that  the  electronic  Hammett  constants  a*  for  20  chloram- 
phenicol derivatives  with  different  acyl  residues,  R,  showed  marginally 
significant  correlation  with  the  antibacterial  potencies  of  these  com- 
pounds. Moreover,  the  charges  of  0,C,N  and  H for  the  acylamino  side- 
chains  reveal  no  detectable  relationship  to  the  antibacterial  activities 
of  these  compounds.  Not  only  the  polarity  but  the  polarizing  action  of 
the  acyl  substituent  is  important  for  antibacterial  activity:  the  acyl 
substituent  affects  the  acidity  of  the  amide  nitrogen  proton.  In  fact, 
substitution  of  the  amide  H with  methyl  abolishes  antibacterial  activity. 

Many  workers  agree  that  the  steric  properties  of  the  acyl  moiety  lim- 
it the  antibacterial  action  of  chloramphenicol  derivatives  and  that  in- 
creases in  the  size  of  this  substituent  decrease  potency.  Bulky  substit- 
uents are  undesirable. 

III.  The  propanediol  moiety  possesses  two  asymmetric  carbon  atoms 
which  give  rise  to  four  stereoisomers.  Two  of  these,  the  D-threo  (chlor- 
amphenicol) and  the  L-threo  enantiomers,  carry  the  amide  side  chain  and 
the  hydroxyl  on  carbon  1 on  opposite  sides  of  the  plane  of  the  two  asym- 
metric centers,  while  the  other  two  enantiomers , the  L-erythro  and  D- 
erythro  stereoisomers,  carry  the  two  substituents  on  the  same  side  of  this 
plane.  Only  chloramphenicol  itself,  the  D-threo  isomer,  has  strong  anti- 
bacterial properties.  Methyl  substitution  for  the  H on  carbon  atom  2 
abolishes  antibacterial  activity.  The  absolute  stereospecificity  of 
chloramphenicol's  action  also  applies  to  active  derivatives  of  the  anti- 
biotic . 

Substitutions  of  the  two  hydroxyls,  exchanging  them  for  H atoms  or 
suppression  or  extension  of  the  terminal  - CH2OH  result  in  non-active 
compounds.  Diacetylation  of  the  hydroxyls  is  the  phenotypic  expression 
of  R-factor  determined  resistance  to  chloramphenicol. 

X-ray  diffraction  analysis  of  the  dibromoacetyl  derivative  of  chlor- 
amphenicol had  shown  that  the  two  hydroxyls  approach  each  other  closely 
in  the  crystalline  compound  and  suggested  the  formation  of  a hydrogen  bond 
which  closed  a five-mernbered  ring  structure.  Nuclear  magnetic  resonance 
spectroscopy  seemed  initially  to  support  the  same  conclusion  for  chloram- 
phenicol in  partially  aqueous  solutions.  However,  when  the  conformation  of 
chloramphenicol  was  reinvestigated  by  NMR  and  infrared  spectroscopy,  no 
evidence  of  hydrogen  bonding  in  solution  was  obtained. 

The  earlier  view  of  chloramphenicol  as  forming  a hydrogen-bonded  five- 
membered  ring  structure  in  solution  led  to  speculations  that  the  drug  was 
alternately  an  analog  of  uridylic  acid  or  of  an  amino-acylated  nucleoside 
resembling  puromycin.  Both  speculations  had  in  common  that 
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they  regarded  the  assumed  hydrogen-bonded  five-membered  ring  structure 
in  chloramphenicol  to  be  analogous  to  ribose. 

The  structural  variations  which  are  permissible  for  the  aryl  moiety 
of  active  chloramphenicol  derivatives  collectively  weaken  analogies  of 
this  aryl  to  uracil  or  dimethyl  adenine.  Observations  on  growth- inhibi- 
tory activities  of  several  chloramphenicol  derivatives  with  covalently 
closed  six-membered  alicyclic  systems  were  ambiguous.  The  analogy  of  the 
putative  ring  system  to  ribose  has,  however,  been  tested  directly  through 
the  synthesis  of  the  ribosyl  derivative  of  chloramphenicol,  Fig.  3 (Klein, 

Lotick,  Watanabe  and  Fox,  1971).  This  compound  was  totally  non-active 
against  10  different  bacterial  strains  and  showed  only  insignificant 
effects  on  the  growth  of  E.  coli  on  plates. 

Figure  III 


1 Cor.  ;ectural  hydrogen- bonded  ring  structure  in  the  chloramphenicol 
. • . > if  left  and  structure  of  a ribosyl  derivative  of  chlorambonice 
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Intramolecular  hydrogen  bonding  as  a determinant  of  antimicrobial 
activity  had  already  become  doubtful  after  it  was  shown  that  replacement 
of  the  hydroxyl  of  carbon  atom  1 by  Cl  or  conversion  of  the  1-hydroxy 
into  the  1-keto  compound  produced  substances  with  appreciable  antimicro- 
bial activity.  A tabulation  of  40  derivatives  having  the  1-keto  group 
(Kolosov  et  al. , 1961)  listed  several  actively  antibacterial  compounds. 
Most  important.  Fig.  4 shows  two  chloramphenicol  1-keto  derivatives 
which  are  active  in  inhibiting  the  growth  of  Staphylococcus  aureus  (Kono 
et  al. ,1969).  Intramolecular  hydrogen  bonding  is  excluded  for  both  de- 
rivatives . 


Figure  IV. 


SUPERIOR  CHLORAMPHENICOL  DERIVATIVES 
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It  has  been  mentioned  above  that  the  plasmid-mediated  inactivation 
of  chloramphenicol  involves  acetylation  of  both  hydroxyl  groups  of  the 
propane  moiety.  (See  Figure  1).  Two  compounds  (Fig.  4)  were  specifi- 
cally developed  to  remove  the  target  sites  for  acetylation  by  rlasmrd  en- 
coded enzymes.  They  were  60  or  38  times  more  active  than  chloramphenicol 
against  a plasmid  carrying  strain  of  S_.  aureus  while  their  activity 
against  a sensitive  strain  of  E.  coli  was  identical  to  that  of  chlonam- 
phenicol . It  also  should  be  noted  that  these  two  compounds  are  devoid  of 
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at^ac)?Tient  give  rise  to  a stereospecific 

The  reasons  why  chloramphenicol  produces  aplastic  anemia  in  certain 
patients  are  poorly  understood.  This  toxic  effect  is  not  related  to  in- 
hibition of  protein  biosynthesis  which  with  chloramphenicol  is  totally 
specific  for  procaryotic  cells.  A reasonable  hypothesis  is  that  patients 
with  an  inborn  metabolic  capacity  reduce  the  nitro  group  (perhaps  to  a 
hydroxy  lamine)  which  then  conjugates  with  an  immunogenic  macromolecule 
that . in  turn  immunizes  against  chloramphenicol  as  a hapten.  Antichloram- 
phenicol antibodies  have  been  evoked  by  injecting  an  experimental  conju- 
gate. If  the  mechanism  of  causing  aplastic  anemia  were  dependent  upon 
the  aromatic  nitro  group,  chloramphenicol  derivatives  with  strongly 
electronegative  non-nitro  substituents  should  be  safe.  Thiamphenicol  in 
which  the  para-nitro  group  has  been  replaced  by  -S02-CH3  has  been  clini- 
cally tried  in  Europe, ^«o  far  without  reports  of  cases  of  aplastic  anemia 
ihe  Hammett  constants  (a  measure  of  relative  electronegativity)  for  p-N02 

and  p-S02-CH3  are  0.78  and  0.73  respectively. 

The  preceding  capsule  analysis  had  led  to  the  recognition  of  a pro- 
totypical structure  which  compounds  must  possess  in  order  to  act  like 
chloramphenicol.  This  is  shown  in  Figure  5. 

Figure  V 
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GENERALIZED  STRUCTURE  OF  CHLORAMPHENICOLS 


The  first  requirement  is  for  an  aromatic  (carbocyclic  or  heterocy- 
clic) ring  system  which  is  substituted  with  R]_  a strongly  electronegative 
(and  non- ionogenic)  substituent  such  as  NO2,  I,  Br,  SCH3,  0CH3  SO2  CH 
etc.  The  size  and  geometry  of  the  ring  system  are  not  critical. 

The  second  requirement  is  for  a small  acyl  substituent  amide  bonded 
to  the  amino  group  of  the  propane  chain.  This  must  be  strongly  electro- 
negatively  substituted  R3 (CI2 , Btj , CIBr  etc)  to  facilitate  entry  into  mi- 
crobial cells.  Amino-acyl  substituted  chloramphenicol  is  highly  active 
against  in  vitro  cell-free  protein  biosynthesis  but  fails  as  an  inhibi- 
tor of  growth  and  protein  synthesis  in  intact  bacteria. 

The  third  requirement  is  for  a propane  chain  (not  shorter  and  not 
longer).  The  specific  requirement  for  the  D-threo  conformation  results 
from  the  presence  of  two  asyrrmetric  carbon  atoms  in  the  molecule  of  chlor- 
amphenicol. This  requirement  is  not  absolute  when  different  substitutions 
(fig.  4)  abolish  the  two  asymmetric  centers.  The  amide  hydrogen  and  the 
hydrogen  on  carbon  2 of  the  propane  chain  are  essential  and  can  not  be 
substituted . 

This  study  has  attained  a level  of  completion  at  which  it  is  possi- 
ble to  transmit  the  conclusions  to  a medicinal  chemistry  laboratory  to 
serve  as  a blueprint  for  the  synthesis  of  superior  second-generation 
chloramphenicol  derivatives.  Research  studies  on  the  causation  of  a- 
plastic  anemia  by  chloramphenicol  remain  an  urgent  requirement. 
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Description 

This  work  unit  Is  directed  at  the  understanding  of  changes  in  the 
temporal  organization  of  biological  functions  attendent  upon  sustained 
exposure  to  stressors  characteristic  of  military  environments.  The 
information  developed  provides  indicators  of  the  magnitude  and  time 
course  of  stressor-induced  behavioral  and  physiological  dysfunctions 
that  are  the  precursors  of  the  production  of  psychiatric  casualties. 
Work  is  conducted  In  both  laboratory  and  field  settings  to  assess  the 
biological  costs  of  sustained  performance  requirements,  rapid  trans- 
location across  time  zones  and  altered  work/rest  cycles. 

Effort  Is  expended  on  the  development  of  the  technology  base  re- 
quired to  acquire  and  analyze  the  long  biological  and  behavioral  data 
sequences  needed  to  assess  baseline,  exposure  and  recovery  functions. 
Non-lnvasive  sensors  and  recorders  designed  for  field  deployment  must 
meet  rigorous  requirements  related  to  size,  weight,  ruggedness  and 
reliability.  The  work  Involves  both  the  adaptation  of  measurements 
previously  restricted  to  the  laboratory  and  clinic,  e.g.,  the  electro- 
encephalogram, for  use  In  naturalistic  settings,  and  the  development 
of  new  measurements  that  simplify  the  problems  attendent  upon  field 
deployment. 

Progress 

1.  Studies  Made  on  a Simulated  Artillery  Fire  Direction  Center 

In  collaboration  with  the  United  States  Army  Research  Institute 
of  Environmental  Medicine  (USARIEM),  four  artillery  manual  fire  direc- 
tion center  (FDC)  teams  have  been  studied  under  conditions  of  simulated 
sustained  combat.  The  purpose  of  the  collaboration  was  to  Investigate 
the  feasibility  of  acquiring  data  on  heart  rate  (ECG),  electroencepha- 
logram (EEG)  and  general  activity  that  could  be  correlated  with  in- 
dividual and  small  group  performance  of  a well-defined  military  task. 

A light,  sturdy  cotton  vest  was  developed  to  serve  as  an  instru- 
mentation platform  for  two  channels  of  radio  telemetry,  two  EEG  pre- 
amplifiers and  a miniature  four-channel  analog  tape  recorder.  The 
vest  was  wel 1-tolerated  by  the  members  of  the  FDC  teams  and  did  not 
appear  to  impede  their  activities  as  they  went  about  their  normal 
tasks. 
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The  problems  encountered  In  acquiring  these  data  Involved  electro- 
magnetic noise  In  the  study  environment,  movement  Induced  artifact  in 
the  biological  signals,  maintenance  of  electrodes  and  equipment  fail- 
ure. While  these  problems  are  present  in  any  research  setting,  they 
are  particularly  acute  in  field  monitoring.  (Note:  While  this  study 
was  conducted  In  the  laboratories  of  USARIEM,  its  logistics  were  those 
of  a field  study  for  WRAIR  personnel). 

The  most  difficult  signals  to  acquire  with  any  degree  of  reliabi- 
lity are  the  EEG  during  performance  periods.  Having  extremely  low 
amplitudes,  they  are  most  susceptible  to  noise  and  motion  artifact. 

EEG  electrodes  and  the  paste  used  to  couple  the  electrodes  to  the  skin 
caused  particular  problem  with  respect  to  maintaining  good  contact  and 
low  incidence  of  skin  reactions  when  worn  for  extended  periods  of  time. 
Extensive  use  of  EEG  recording  in  the  field  is  not  recommended  for 
future  field  studies.  The  ECG  and  general  activity  measures  are,  how- 
ever, robust  and  high  quality  recording  can  be  obtained  over  extended 
periods  of  time. 

These  physiological  data  are  currently  under  analysis  and  any 
conclusions  that  might  be  drawn  from  them  would  be  premature.  Prelim- 
inary observations  related  to  social  and  performance  factors  are  dis- 
cussed in  the  section  entitled  "Small  Groups  and  Stress:  Studies  Made 
on  a Simulated  Artillery  Fire  Direction  Center"  to  be  found  elsewhere 
in  this  volume. 

2.  Analytic  Strategies  for  Chronobiological  Studies 

The  distinguishing  characteristics  of  chronobiological  studies,  as 
opposed  to  other  classes  of  biological  study,  are  to  be  found  in  the 
frequency  with  which  dependent  variable  measurements  are  made  and  the 
period  of  time  over  which  such  observations  are  extended.  If  one  sus- 
pects the  existence  of  rhythmlclty  in  biological  processes  and  attempts 
to  define  its  nature,  then  sampling  interval  and  sampling  duration  are 
largely  dictated  by  mathematical  considerations  growing  out  of  the 
hypothesized  range  of  frequencies.  The  work  conducted  under  the  aegis 
of  this  work  unit  is  concerned  with  rhythmicitles  ranging  in  period 
from  24-hours  to  minutes  and  consequently  data  series  are  composed 
of  many  closely  spaced  measurements  extended  up  to  a week  in  length. 

In  previous  Annual  Reports,  it  has  been  demonstrated  that  biolo- 
gical rhythmicitles  are  dynamic  rather  than  static  in  nature.  Ampli- 
tudes, frequencies,  and  phases  of  rhythms  vary  in  a lawful  manner  as 
a function  of  environmental  events  and  alterations  of  internal  organ- 
Ismlc  states.  The  establishment  and  specification  of  quantitative 
relationships  between  rhythm  parameters  and  stress  induced  changes 
in  internal  states  is  a necessary  step  in  this  research.  Time  series 
analysis  techniques  which  operate  on  an  entire  ensemble  of  data  are 
useful  in  delineating  overall  frequency  structure  but  fall  seriously 
in  their  ability  to  specify  changes  in  frequency  structure.  This  is 
especially  true  when  the  frequencies  of  interest  lie  in  the  circadian 
24  hour)  and  ultradian  (40-120  min)  frequency  bands. 


During  the  past  year,  we  have  completed  the  adaption  of  an  analy- 
tic algorithm  known  as  complex  demodulation  (CD)  for  use  with  biologi- 
cal time  series.  The  analysis  produces  estimates  of  amplitude  and 
phase  for  each  data  epoch  and  allows  for  assessment  of  the  relative 
contributions  of  different  frequencies  at  different  portions  of  time 
series.  Intraindividual  and  interindividual  comparisons  respecting 
temporal  structure  can  be  made  and  correlations  between  temporal  struc- 
tures and  environmental  events  are  readily  accomplished. 

Extensive  use  of  Monte  Carlo  time  series  having  known  properties 
has  been  made  to  investigate  the  manner  in  which  the  CD  algorithm 
operates  on  data  sets.  This  has  permitted  a number  of  technical  issues 
relevant  to  the  analysis  of  "real"  data  to  be  resolved  producing  a 
consequent  increase  in  the  scope  of  application  of  the  algorithm.  In 
cooperation  with  the  Departments  of  Medical  Neuroscience  and  Military 
Psychiatry,  analyses  of  hormonal  excretion,  human  communication,  and 
social  interaction  patterns  are  under  way. 

3.  The  Measurement  of  General  Activity:  The  Actigraph 

The  difficulties  of  field  monitoring  psychophysiologlcal  functions 
were  discussed  briefly  in  Section  1.  Here  we  discuss  a supplemental 
strategy  for  acquiring  Information  from  the  field  that  at  once  bypasses 
many  of  the  difficulties  alluded  to  earlier  and  extends  our  scope  of 
activity.  The  use  of  large  eyemovements  as  an  indicant  of  general 
activity  level  proved  to  be  a fruitful  source  of  information  in  our 
study  of  the  early  heroin  abstinence  syndrome.  Eyemovements,  measured 
from  the  electrooculogram,  are  subject  to  all  of  the  difficulties 
mentioned  earlier.  Preliminary  work  indicates  that  monitoring  the 
frequency  of  movement  of  the  non-dominant  wrist  will  provide  comparable 
information  with  significantly  less  difficulty. 

Non-dominant  wrist  activity  is  measured  with  a device  called  the 
Actigraph.  The  size  of  a pocket  match  box,  the  device  under  development 
Is  strapped  to  the  wrist  in  the  manner  of  a watch  and  provides  minimal 
impediment  to  motion  and  activity.  It  contains  a motion  transducer 
and  the  electronic  circuitry  needed  to  count  and  store  up  to  one 
thousand  epochs  of  movement.  Depending  upon  the  timing  of  the  epochs, 
up  to  a week  of  data  can  be  recorded  and  stored.  The  device  will,  in 
its  final  form,  be  rugged  and  hermetically  sealed  to  permit  deployment 
in  a variety  of  settings.  It  is  currently  at  the  final  breadboarding 
stage;  the  outcome  of  which  will  establish  the  design  and  permit  the 
manufacture  of  a miniaturized  hybrid  version  to  be  undertaken. 

Important  areas  of  early  application  will  be  in  the  assessment  of 
work/rest  patterns  of  soldiers  on  extended  maneuvers  and  before,  during, 
and  after  long  flights.  There  is  mounting  evidence  that  determinations 
of  sleep  onset  and  waking  time  can  be  determined  with  precision  from 
actigraph  records.  Restless  and  disturbed  sleep  are,  in  principal,  also 
determinable  from  these  records.  Release  from  our  dependence  upon  anec- 
dotal and  observational  studies  of  naturalistic  sleep  will  provide  in- 
formation hitherto  unavailable. 
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Description 

For  the  past  year  the  Departments  of  Military  Psychiatry  and 
Military  Medical  Psychophysiology  have  been  engaged  in  collabora- 
tive research  with  USARIEM  to  evaluate  a simulation  utilizing  teams 
from  Artillery  Fire  Direction  Centers.  During  the  period  of  Febru- 
ary May  1977,  four  such  teams  were  observed,  studied  and  evalu- 
ated in  simulations  run  at  U.S.  Army  Research  Institute  of  Environ- 
mental Medicine.  Soldiers  in  combat  routinely  must  perform  complex 
tasks  under  conditions  of  chronic  stress  of  multiple  origins. 

They  are  often  required  to  perform  their  tasks  continuously  and 
under  conditions  (such  as  sleep  deprivation  and  heavy  task  load) 
which  are  known  to  have  profoundly  adverse  effects  on  both  task 
performance  and  individual  and  social  functioning.  In  order  to 


o 

i ( 


evaluate  the  biomedical  implications  of  current  combat  doctrine 
and  devise  means  for  the  prevention  and  treatment  of  neuropsychia- 
tric combat  casualties,  it  is  necessary  to  have  a firm  data  base 
concerning  the  effects  of  multiple  stressors  on  soldiers  both  as 
individuals  and  as  members  of  combat  units . Units  deserving 
particular  attention  are  those  performing  command /control  func- 
tions. These  units  perform  functions  which  are  both  critical 
to  combat  operations  and  known  to  show  degradation  under  condi- 
tions of  stress.  One  such  unit  is  the  Field  Artillery  Fire 
Direction  Center  (FDC) . 

The  present  research  engaged  existing  FDC  teams  in  simulated 
combat  operations.  Although  a great  deal  of  research  has  examined 
the  performance  of  simplified  tasks  by  individuals  under  stress, 
very  little  work  has  explored  the  performance  of  combat  tasks 
routinely  accomplished  by  teams  of  individuals.  As  the  use  of 
complex  tasks  and  teams  introduces  conceptual  complexity  not 
easily  encompassed  by  analyses  of  individual  performance  of 
synthetic  tasks,  it  seemed  necessary  to  analyze  directly  the 
team  performance  of  complex  tasks  to  obtain  generalizable  data. 

It  was  anticipated  that  this  specific  simulation  would  provide 
data  useful  both  militarily  and  scientifically  on  a number  of 
analytic  levels  including  the  operational,  biochemical,  physio- 
logical, psychological  and  social.  If  successful,  such  a simu- 
lation would  prove  to  be  an  invaluable  research  tool  for  the 
study  of  a number  of  topics,  particularly  those  concerned 
with  peformance  under  conditions  of  stress  and  continuous 
operations . 

The  FDC  runs  were  conducted  in  the  large  altitude  chamber  of 
USARIEM.  Each  team  consisted  of  five  men;  a fire  direction  officer 
(FDO) , a computer,  a horizontal  chart  operator  (HCO) , a vertical 
chart  operator  (VCO) , and  a radio-telephone  operator  (RTO) . Two 
were  studied  in  condition  A - following  a week  of  pre-training 
each  team  entered  the  chamber  at  0600  Monday  morning  to  attempt 
a sustained  performance  operation  that  they  were  told  might  last 
as  long  as  82  hours.  Two  teams  were  informed  that  they  would  be 
expected  to  perform  for  38  hours  in  an  initial  run,  followed  by 
36  hours  of  recovery  time  followed  by  a second  38-hour  run. 

In  each  case  the  experiment  was  organized  by  six  hour  blocks 
of  scenario  time  regularly  broken  by  a "move"  during  which 
psychological  tests  were  administered  and  equipment  was  adjusted, 
maintained  and  replaced  as  necessary.  Eating  military  rations 
generally  occurred  during  this  time. 
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1.  One  team  withdrew  at  the  end  of  48  hours. 

2.  Two  other  teams  successfully  negotiated  both  38-hour 
blocks . 

3.  One  individual  from  a team  withdrew  at  the  end  of 
the  first  6-hour  block  of  the  second  run. 

4.  The  other  82  hour  team  withdrew  from  the  experiment  at 
the  end  of  44  hours. 

The  FDC  teams  all  came  from  the  82nd  Airborne  Division. 

There  were  differences  in  experience,  time  spent  in  the  FDC  on 
the  part  of  individuals  and  time  spent  together  as  teams . Over- 
all, the  members  of  the  groups  were  fairly  comparable  on  demo- 
graphic variables. 

Progress 

1.  A video  and  audio  archive  of  all  four  FDC  runs  was  ac- 
quired. This  archive  is  between  80-90%  complete  with  losses  in 
video  due  to  transient  equipment  failures  and  losses  in  audio  due 
to  technical  problems  inherent  in  the  audio  system  used  during 
the  initial  two  runs.  Video  quality  ranges  from  poor  to  fair  as 
a function  of  the  constraints  imposed  by  the  size  of  the  chamber, 
the  remote  operation  of  cameras  from  fixed  positions,  and  the 
limited  number  of  lenses  of  various  focal  lengths  available. 

The  individual  audio  archives  recorded  on  the  Honeywell  7600 
tape  recorder  are  subject  to  many  of  the  same  limitations  as 
the  audio  track  on  the  video  recording.  Both  visual  and 
sound  quality  were  particularly  poor  in  recordings  of  activi- 
ties in  the  small  chamber  during  periods  of  "movement"  between 
blocks  of  the  scenario.  This  is  particularly  unfortunate 
since  a fair  amount  of  critical  social  behavior  took  place 
during  such  break  times.  The  value  of  the  video  and  audio 
archives  as  a source  of  data  has  yet  to  be  established. 

2.  Task  performance  Measures  from  the  WRAIR  protocol 

a.  Task  1 (Mission  latency)  and  Task  2 (verbaliza- 
tion of  error  identification). 

The  data  from  runs  1 and  2 which  were  recorded 
electronically  have  not  yet  been  retrieved.  Retrieval  is  pro- 
blematic at  this  time.  The  data  from  runs  3 and  4,  recorded 
on  a printed  paper  tape,  have  been  analyzed  and  plotted  for 
latency  and  error. 
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b.  Tasks  3 and  4 (Group  performance  measures). 
These  were  the  responsibility  of  USARIEM. 
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c.  Tasks  5,6,7  (video  analyses)  in  the  WRAIR  Protocol. 

No  formal  analyses  of  the  video  archive  have  been 

performed. 

Such  analyses  are  dependent  upon  the  outcome  of  other  prelimi- 
nary data  analyses . 

d.  Social  Process  and  Communication. 

Common  patterns  were  sampled  and  encoded  using 
paper  and  pencil  recording  techniques  for  runs  1,2,  and  4.  The 
data  for  run  3 were  electronically  coded  and  have  not  yet  been 
recovered  for  analysis.  Recovery  is  problematical.  The  other 
data  were  recorded  using  paper  and  pencil  and  are  being  handled 
in  the  following  manner: 

(1)  The  first  task  was  the  coding  and  indexing  of 
records  completed  by  behavioral  observers.  This  task  was  completed 
on  17  July  1977.  Preliminary  graphic  display  of  these  data  was 
completed  on  15  August  1977;  this  provided  a general  overview  of 
communication  data  by  groups.  Additional  time  series  analyses  of 
these  data  began  29  September  1977.  These  will  identify  recurrent 
cycles  in  verbal  behavior,  as  well  as  provide  a basis  for  compari- 
son with  physiological  data  collected  by  the  Department  of  Miltiary 
Medical  Psychophysiology. 

(2)  The  second  task  was  the  identification  of  high 
and  low  task  loads  by  reference  to  video  tapes.  This  task  was  com- 
pleted for  all  four  runs  on  23  September  and  allows  us  to  examine 
the  critical  area  of  communication  as  a function  of  task  load. 

e.  Cerebral  hemisphere  activation  asymmetry. 

An  attempt  was  made  to  acquire  EEG  data  during  the 
course  of  the  first  run.  Initial  equipment  failures  demonstrated 
that  this  was  not  feasible  without  equipment  modification.  No 
attempts  were  made  to  collect  EEG  data  during  runs  2 and  3 as  per 
agreement  between  WRAIR  and  USARIEM  about  such  use  of  monitoring 
equipment.  Thus  for  the  period  of  the  first  three  runs  no  useful 
data  were  collected  during  task  or  waking  periods.  Sleep  data  were 
collected.  This  data  are  partially  analyzed  and  available  under 
the  responsibility  of  the  U.S.  Navy.  During  run  4 EEG  data  were 
collected  throughout  the  course  of  the  mission  using  a redesigned 
and  rebuilt  monitoring  system.  These  data  have  not  been  fully 
recovered. 
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f.  Verbal,  spatial  and  handedness  testing. 


Test  data  have  been  tabulated  and  key-punched  and 
are  now  ready  for  analysis. 

g.  Sleep  study. 

The  initial  responsibility  is  that  of  the  U.S.  Navy. 

h.  Electro-cardiogram  data. 

(1)  Medilogger  - of  the  data  collected,  that  for 
runs,  2,3,  and  4 are  available  in  the  tape  archive.  These  data 
have  not  yet  been  retrieved  or  synchronized  with  the  main  body 
of  archival  material.  Electronic  circuitry  and  software  for 
retrieval  has  been  developed. 

(2)  Analog  recording  - Due  to  equipment  failures 
and  problems  that  arose  in  signal  telemetry  EKG  data  are  not 
available  for  runs  1 and  2.  Data  are  available  for  runs  3 and  4. 
These  data  are  in  the  process  of  being  retrieved.  Software  has 
been  established  and  tested  for  creation  of  an  archival  record 
to  consist  of  a time  series  of  inter-beat  intervals  with  associ- 
ated time  and  event  markings.  The  software  for  analyzing  this 
archival  record  has  been  developed. 

i.  Non-dominant  wrist  activity. 

Medilogger  data  are  available  for  runs  2,3,  and  4. 
This  data  have  not  been  retrieved  or  synchronized  with  the  remain- 
ing archives . An  algorithm  to  calibrate  individual  movement  re- 
corders as  well  as  hardware  and  software  for  data  retrieved 
has  been  developed. 

j.  Blood  chemistry. 

Blood  samples  were  collected  at  the  indicated  in- 
tervals during  runs  1 and  4.  Analyses  of  these  for  serum  creati- 
nine phosphokinase,  aldolase,  electrolyes  and  cortisol  will  be 
done  by  the  WRGH  lab  within  the  next  two  or  three  weeks.  Other 
biochemical  and  urinanalysis  are  the  responsibility  of  USARIEM. 

k.  Psychological  status  before  runs. 

Current  status  of  these  data  are  as  follows: 


(1)  Questionnaire  data 


(a)  CPI  - All  CPI  questionnaires  have  been 
scored  and  profiles  have  been  worked  up  for  each  FDC  subject. 

The  profiles  for  16  of  the  subjects  appeared  to  be  at  least 
average.  Three  of  the  profiles  tended  to  be  below  average  with 
several  scale  scores  one  or  more  standard  deviations  below  the 
standardized  mean.  The  final  profile  had  a number  of  scores 
markedly  below  average  and  resembled  a prototypical  set  of  faked 
scores. 

(b)  Dogmatism  scale  - all  questionnaires  have 
been  scored.  Preliminary  analysis  shows  no  significant  differ- 
ences among  groups. 

(c)  Rotter  Internal-External  Locus  of  Control  - 
All  questionnaires  have  been  scored.  Preliminary  analysis  show 

no  significant  differences  between  groups. 

(d)  Semantic  differential  scales  - have  not 

yet  been  analzyed. 

(e)  Personal  History  Questionnaire  - were 
scrutinized  during  runs  to  obtain  general  information  about  indi- 
vidual subjects.  No  statistical  analysis  has  been  done  or  is 
contemplated  at  this  time. 

(2)  Interview  data 

Interview  data,  while  providing  general  infor- 
mation concerning  subjects  before  runs  have  not  yet  been  analyzed 
in  detail. 

l.  Mood,  activiation  and  symptom  questionnaire  analyses 
are  being  processed. 

m.  Debriefing  interviews. 

Each  of  the  four  FDC  teams  was  debriefed  as  a group. 
These  data  are  available  as  part  of  the  project  archive  and  pro- 
vide a qualitative  background  and  context  for  a number  of  pheno- 
mena under  study. 

n.  Performance  interviews. 

One  team  was  interviewed  concerning  cognitive  de- 
ficits experienced  during  the  course  of  its  sustained  operations 
run. 


o.  Behavioral  checklist. 


One  team's  behavior  was  tabulated  on  an  objective 
checklist  of  gross  behaviors.  This  data  have  been  plotted  and 
subjected  to  an  initial  analysis. 

p.  In  addition  to  the  above,  the  observer  team  was 
regularly  debriefed  during  runs  3 and  4.  This  debriefing  forms 
a part  of  the  total  archive. 

Preliminary  Results 

Based  upon  observations  made  of  the  groups  in  the  chamber, 
individual  interviews  and  group  debriefing,  a number  of  prelimi- 
nary statements  can  be  made  about  the  FDC  teams,  their  responses 
and  the  studies  in  general. 

1.  All  of  the  teams  shared  certain  common  perceptions  of 
both  the  job  that  they  perform  and  the  expected  behavior  of 
members  of  an  FDC  in  the  82nd  ABN  Division.  All  saw  their  jobs 
as  extremely  critical  in  terms  of  present  military  doctrine. 

All  viewed  themselves  as  holding  one  of  the,  if  not  the  most 
important,  job  involved  in  ground  combat.  Most  agreed  with  the 
perception  derived  from  their  training  that  the  survival  of 
the  division  during  warfare  is  completely  dependent  upon  their 
ability  to  perform  their  tasks  effectively  and  quickly.  Most 
also  agreed  that  members  of  an  FDC  are  under  extremely  high 
stress  and  that  the  way  in  which  one  copes  with  this  stress 

is  to  act  "crazy",  i.e.,  to  engage  in  a great  deal  of  joking, 
play,  and  sophmoric  behavior  when  not  actually  plotting  missions 
This  is  asserted  by  some  as  the  only  way  one  can  survive  in  the 
job.  No  members  of  the  FDCs  have  ever  been  in  combat.  Their 
job  perception  is  based  on  their  training.  The  reality  and  un- 
reality of  the  scenario  was  constantly  reflected  against  these 
training  modalities  rather  than  against  the  legitimacy  of  the 
scenario  as  a simulation  of  a combat  situation. 

2.  Perception  of  Competence  and  Task.  The  four  FDCs  were 
divided  with  respect  to  their  conception  of  the  level  of  compe- 
tence that  would  be  required  of  them  in  combat  and  to  the  level 
of  competence  they  should  strive  for.  Two  groups  continuously 
verbalized  a need  to  be  perfect.  The  training  concept  of  no 
error  great'  than  3 mils  or  30  meters  was  one  that  they 
attempted  tj  meet  at  all  times.  As  the  experiment  progressed, 
both  of  these  groups  began  to  doubt  both  the  quality  and 
effectiveness  of  their  performance  when,  in  fact,  they  were 
performing  above  ARTEP  standards.  Both  agreed  that  a 20% 
error  rate,  was  the  maximum  allowable  in  a combat  situation. 

The  two  other  groups  did  not  attempt  to  maintain  the  same 


standards  as  the  first  two  groups,  but  viewed  their  job  as 
getting  fire  out  with  accuracy  being  taken  care  of  by  later 
adjustments  of  fire.  These  two  groups,  also  began  to  doubt 
the  effectiveness  of  their  performance. 

3.  Response  to  the  Experiment.  Overall  the  response  to  the 
experiment  on  the  part  of  each  of  the  four  groups  was  good.  There 
were  expected  expressions  of  annoyance  about  electrodes,  television 
cameras  and  monitoring  equipment.  None  of  these  groups  responded 
to  the  simulation  as  if  they  were  actually  engaged  in  battle  ex- 
cept for  occasional  short  periods  of  time,  and  all  were  obviously 
aware  that  they  were  in  an  experiment.  There  was  verbalization 
throughout  the  experiment  over  the  need  to  satisfy  the  scientists, 
to  provide  them  with  data  and  much  speculation  as  to  what  the 
scientists  really  wanted.  In  three  of  the  groups,  the  expressed 
contingency  for  continuing  to  perform  in  the  face  of  verbalized 
fatigue  and  boredom  was  the  need  of  the  scientists  to  get  their 
data.  After  the  first  day  in  the  chamber,  this  theme  became 
more  common.  For  open-ended  groups  the  question  asked  became 
not  "how  many  hours  can  we  go",  but,  "how  many  hours  must  we 
go  so  that  the  experiment  will  be  a success  and  the  scientists 
will  get  their  data,  and  "how  long  must  we  go  to  top  other  FDCs". 
These  groups  also  attempted  to  determine  how  long  the  experiment- 
ers expected  them  to  go.  With  the  38  hours  groups,  continuation 
was  justified  in  terms  such  as  "Well,  we  have  to  go  through  the 
same  exact  things  all  over  again  so  they  can  see  if  we  do  the  same 
things  the  second  time  as  we  did  the  first."  All  of  the  groups 
communicated  with  the  observers  by  posturing  the  playing  to  the 
television  cameras,  playing  with  the  microphones  and  attempting 
to  communicate  with  the  observers  at  the  viewing  port  of  the 
chamber. 


4.  Perception  of  the  Simulation.  All  of  the  groups  viewed 
the  simulation  as  an  excellent  training  experience.  All  felt 
that  it  had  numerous  elements  of  unreality,  although  those  opera- 
ting the  Command  Net  and  acting  the  parts  of  Forward  Observers 
were  considered  adequately  competent.  Three  groups  had  extensive 
experience  and  rapidly  deciphered  the  task  pattern  being  presented 
to  them.  They  predicted  the  kinds  of  mission  sequences  and  often 
attempted  to  predict  the  kinds  of  fire  adjustment  that  would  be 
asked  for  each  mission.  Each  group  tended  to  organize  its  behavior 
around  the  six-hour  blocks  in  which  the  scenario  was  written.  They 
divided  the  time  between  the  scientists  time,  i.e.  time  on  task  in 
the  large  chamber,  and  their  time,  i.e.,  time  spent  in  the  small 
chamber  during  simulated  movements.  Each  group  was  aware  of  the 
structure  of  its  experiments,  i.e.,  whether  open-ended  run  or 
38-38-hour  runs  and  attempted  to  pace  themselves  accordingly. 

All  groups  complained  that  violence  had  been  done  to  their  modes 
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of  operating  in  the  field.  The  scientists  made  most  of  the 
decisions  that  the  FDO  would  normally  make,  either  in  training  or 
combat.  All  groups  found  confinement  in  the  chamber  a source  of 
great  discomfort. 

5.  Termination  of  Extended  Runs.  Neither  of  the  teams 
in  the  operation  under  86  hour  instructional  situation 
completed  the  scenario  to  the  72-hour  length  projected 
by  the  experimenters.  One  run  was  terminated  when  a member  of 
the  team  insisted  upon  leaving  at  48  hours.  The  FDO  requested 
that  the  entire  team  be  relieved  because  "it  would  be  militarily 
incompetent  within  three  hours."  The  team  members  agreed  that 
no  member  would  stay  behind  once  one  had  seriously  decided  to 
withdraw  from  the  experiment.  They  felt  that  the  integrity  of 
the  team  depended  upon  their  quitting  together.  They  also  agreed 
that  they  would  quit  during  a break  because  quitting  during  the 
actual  run  "would  have  looked  bad  on  the  FDC."  None  of  the  indi- 
viduals who  left  at  48  hours  appeared,  to  the  observers,  to  be 
actually  at  the  point  of  exhaustion.  Following  their  exit  from 
the  chamber,  several  stayed  up  for  four  or  five  more  hours  dis- 
cussing the  events  of  the  preceding  two  days.  The  FDO  had  stated 
that  if  one  man  left,  performance  of  the  remaining  four  would 
not  be  militarily  effective.  It  should  be  pointed  out,  however, 
that  for  prolonged  periods  during  the  run,  the  work  of  the  team 
was  accomplished  by  as  few  as  three  men. 

The  other  team  terminated  the  open-ended  experiment  at  approxi- 
mately 44  hours.  The  FDO,  who  had  not  slept  at  all,  had  been 
falling  asleep  on  his  feet.  The  chart  operators  and  RTO,  who 
had  had  little  prior  FDC  experience,  had  been  making  more  and 
more  serious  errors.  The  Computer  made  the  basic  decision  that 
the  team  had  become  ineffective  and  requested  that  the  officer 
have  them  relieved  as  soon  as  there  was  a lull  between  missions . 

Upon  exiting  the  chamber  there  was  contention  among  the  group 
as  to  whether  or  not  they  should  go  back  in.  The  Chart  Operators 
actually  insisted  that  they  would  go  back  in  and  continue  when 
they  thought  that  the  FDO  and  Computer  were  going  to  continue 
to  "attempt  to  tough  it  out  alone". 

The  38-hour  groups  had  no  difficulty  completing  the  experi- 
ment. One  man  left  of  his  own  volition  at  the  end  of  six  hours 
of  the  second  run  of  a "38  hour"  team.  His  reason,  given  to  the 
investigators,  was  that,  having  proved  that  he  could  do  it  once, 
he  had  no  desire  to  do  it  again.  His  leaving  generated  a great 
deal  of  anger  in  certain  other  members  of  the  team.  Neither  of 
the  38-hour  groups  had  any  performance  problems  and  indeed  the 
third  group  performed  quite  well  with  only  four  men. 
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6.  Cognitive  reaction  to  chamber.  Most  of  the  men  indicated 
that  the  greatest  stressor  was  confinement  in  the  chamber.  Second 
to  this  was  sleep  loss  and  the  repetitive  nature  of  the  scenario. 
Individuals  noted  physical  phenomena,  like  numbness,  headache, 
coldness,  upset  stomachs,  light  headedness  and  so  forth  during 
the  latter  parts  of  the  runs . 

Individual  debriefings  of  the  five  members  of  the  final  FDC 
team  produced  a consensus  regarding:  (1)  the  increasing  difficulty 
that  the  men  experienced  in  completing  both  the  verbal  and  the 
spatial  questions  during  the  course  of  the  long  run;  and  (2)  the 
types  of  strategies  that  they  adopted  to  overcome  the  difficulties. 
They  described  having  to  increasingly  reread  the  verbal  passages 
to  be  able  to  answer  the  questions  since  the  initial  reading  would 
leave  them  with  some  (but  decreasing)  memory  for  individual  words 
or  phrases  but  very  little  "understanding"  of  the  topic  or  the 
passage  or  the  overall  flow  of  information  conveyed.  As  their 
ability  to  comprehend  and  retain  the  passage  decreased  they  found 
themselves,  in  answering  the  questions,  relying  more  and  more  on 
concrete  physical  matches  between:  (1)  words  and  phrases  in  the 
questions  and  those  in  the  paragraphs  or  (2)  between  specific 
objects  in  the  questions  and  those  in  the  paragraphs,  and  on  repe- 
titive scanning  of  the  passages  for  "key  words".  The  major  problem 
described  with  completing  the  spatial  questions  was  an  increasing 
difficulty  in  either  constructing  a complete  mental  three-dimensional 
representation  of  each  figure  or  in  retaining  the  complete  figure 
in  short  term  memory  while  performing  the  rotations  needed  to  make 
the  required  comparisons.  The  subjects  described  being  unable  to 
mentally  complete  the  figures  without  having  them  "disappear"  as 
they  started  the  mental  rotation.  Strategies  used  to  cope  with 
these  problems  included:  (1)  repetitive  scanning;  (2)  mentally 
labelling  specific  features  or  feature  combinations  of  the  stimulus 
figure  and  attempting  to  match  them  with  those  of  the  response 
figures  without  attempting  to  visualize  the  entire  three-dimensional 
object;  and  (3)  counting  corners,  protrusions  or  other  distinct 
features  of  the  stimulus  object  and  matching  them  in  number  with 
corresponding  features  of  the  response  figures . 

In  summary,  it  appears  as  if  with  increasing  sleep  depriva- 
tion it  became  subjectively  more  difficult  for  the  men  to  encode 
in  and/or  retrieve  from  short  term  memory  both  spatial  and 
verbal  material.  Furthermore,  they  experienced  a decrement  in 
the  ability  to  process  a coherent  body  of  verbal  information  (each 
paragraph)  or  spatial  information  (each  figure)  in  such  a way 
as  to  derive  implications  needed  to  answer  questions.  The 
question  remains  regarding  whether  these  subjective  descriptions 
are  confirmed  by  objective  performance  deficits  and  whether  any 


processing  deficit  is  demons tratable  independently  of  memory 
difficulties.  However,  it  does  appear  clear  that  with  increasing 
sleep  deprivation  the  relatively  pure  spatial  and  verbal  pro- 
cessing strategies  initially  used  by  the  subjects  and  seen  by 
them  as  most  efficient  could  no  longer  be  maintained.  Supple- 
mentation of  the  pure  strategies  with  those  initially  used  in 
processing  the  other  type  of  information  was  routinely  used  by 
subjects  and  was  seen  by  them  as  helpful  but  not  as  efficient 
as  the  use  of  the  pure  visuo-spatial  strategies  for  processing 
the  spatial  information  and  the  semantic  for  the  verbal  data. 

Since  it  is  known  that  the  pure  verbal  and  spatial  strategies 
are  associated  with  maximal  degrees  of  asymmetrical  hemispheric 
activation  (as  measured  by  the  EEG) , the  switch  to  mixed  strate- 
gies with  sleep  deprivation  is  consistent  with  the  hypotheses 
that  the  reduction  of  information  processing  efficiency  with 
fatigue  is  associated  with  the  conscious  inability  to  regulate 
patterns  of  differential  hemispheric  activity. 

8.  Group  Structure  and  Organization.  Although  demographi- 
cally  similar,  the  four  groups  were  markedly  different  on  other  vari- 
bles.  In  some  cases,  preexisting  facets  of  group  structure  were 
reinforced  in  the  course  of  the  simulation.  In  others,  restructur- 
ing took  place.  Each  group  had  formal  leaders,  the  Fire  Direction 
Officer  and  the  Computer.  In  each  group,  informal  leadership  that 
ranged  from  taking  control  of  the  organization  and  flow  of  work  to 
"cheerleading"  and  the  generation  of  enthusiasm  in  periods  when  the 
group  was  flagging  was  observed  to  develop . 

Conflict  was  observed  in  all  groups.  There  were  arguments, 
disputes  and  brief  irritated,  or  angry  interchanges  between 
various  team  members.  These  were,  for  the  most  part,  bounded 
and  terminated  by  the  flow  of  events.  The  FDOs  led  their  groups 
quite  differently.  One  FDO  team  organized  activities,  took  over 
the  work  of  fatigued  members,  pushed  himself  more  than  he  pushed 
the  team,  and  remained  consistently  in  charge  of  the  group.  Another 
left  responsibility  for  running  his  group  to  the  Computer  and 
RTO,  and  spent  much  of  his  time  clowning,  joking,  and  telling 
stories . 

A third  was  hard  driving,  attempting  to  run  all  phases  of 
the  team's  operation,  and  generated  a fair  amount  of  anger 
within  the  team.  Prior  to  the  run  this  group  exhibited  the  most 
conflict,  although  this  was  dissipated  by  the  end. 

One  team  was  composed  of  the  least  experienced  personnel. 

Prior  to  the  experiment,  there  had  been  some  conflict  between 
the  team  members  and  the  FDO,  of  whom  they  were  suspicious. 


During  the  course  of  the  simulation,  these  men  were  welded  together 
into  a close-knit  group  that  seemed  to  be  marked  by  mutual  respect 
and  appreciation.  This  was  discucsed  in  terms  of  "we  really  have 
gotten  to  get  to  know  each  other  up  here"  particularly  in  the 
sleeping  quarters  and  on  the  trips  that  the  team  made  together.  The 
FDO  of  this  group  tended  to  lead  through  the  use  of  "intimate 
authority"  and  relied  heavily  on  his  Computer. 

9.  Coping  with  Task  Demands.  There  were  differences  in  the 
patterns  of  coping  utilized  by  the  teams . Three  teams  were 
extremely  skilled.  Work  was  well  organized  and  the  teams  were 
able  to  keep  ahead  of  the  work  and  find  periods  for  relaxation 
and  sleep.  The  other  team,  however,  was  quite  inexperienced, 
and  devoted  almost  all  of  its  time  to  task  behavior.  When  indi- 
viduals fell  asleep,  their  jobs  were  taken  over  by  others.  That 
is,  one  chart  operator  did  the  work  of  two,  the  FDO  would  operate 
a chart,  etc.  Perhaps  the  greatest  difference  in  coping  and  task 
patterns  was  found  among  the  various  roles  on  the  FDC  teams.  Those 
who  worked  regularly  together,  the  RTO,  the  computer  and  the  FDO, 
tended  to  stay  awake,  alert  and  on  the  job  with  few  lapses  into 
sleep.  Those  who  worked  intermittently,  e.g.,  the  two  chart  opera- 
tors, tended  to  sleep  at  every  opportunity.  The  other  members  of 
the  team  had  to  compensate  most  often  for  sleeping  chart  operators, 
who  either  could  not  be  or  who  were  not  aroused  by  other  members. 

In  all  cases,  the  teams  proved  quite  able  to  carry  out  their 
missions  with  losses  of  personnel  to  sleep,  and  when  an  individual 
chose  to  exit  the  experiment  and  when  another  became  sick  for 
several  hours.  In  the  early  morning  hours,  the  job  of  FDC  was 
often  performed  by  two,  or  at  the  most  three,  people  while  others 
slept. 

10.  FDC  Core  Mission  Performance  data  analysis  for  two  FDC 
teams  has  been  completed.  Team  performance  was  assessed  by  measur- 
ing the  frequency  of  detected  internal  errors,  the  frequency  of 
rounds-of f-target , and  fire  mission  latencies. 

FDC  team  SOP  incorporates  redundancy  checking  procedures 
for  the  verbal  transmission  of  fire  mission  data.  Each  instance 
in  which  a data  error  was  detected  by  an  FDC  team  member  was 
recorded.  Conversely,  undetected  errors  which  exceeded  artillery 
standards  of  accuracy  resulted  in  a round-of f-target  and  were  re- 
corded. These  measures  provided  an  estimate  of  team  accuracy. 

An  estimate  of  team  efficiency  was  provided  by  measuring  the 
elapsed  time,  or  latency,  of  each  fire  mission.  This  time  frame 
began  with  a call  for  fire  and  ended  with  the  transmission  of 
the  firing  data  to  the  battery. 


The  data  were  collected  throughout  each  run  and  were  organized 
into  5-hour  blocks.  The  d~ta  analysis  was  directed  toward  finding 
variations  in  team  accuracy/efficiency  related  to  the  presumed  in- 
creasing stress  associated  with  continuous  performance.  In  addition 
to  the  quantitative  measures,  one  team  was  interviewed  after  its 
run  to  obtain  the  members'  subjective  impressions  of  their 
performance. 

Generally,  the  core  mission  results  indicate  that  both  teams 
performed  consistently  for  the  duration  of  their  respective  runs. 

Few  indications  of  performance  decrement  were  observed.  The 
accuracy  and  efficiency  of  one  team's  performance  showed  virtually 
no  change  either  within  or  between  the  two  38-hour  runs . The 
small  decreases  in  accuracy  and  efficiency  that  were  observed 
occurred  primarily  during  the  final  block  of  another  team's  45-hour 
run.  The  observed  decrements  in  performance  occurred  in  self-paced, 
the  preparation  of  preplanned  target  data,  as  opposed  to  task  paced 
mission  demands.  Furthermore,  the  decrements  were  evidenced  by 
moderate  changes  in  latency  rather  than  changes  in  accuracy. 

One  team  was  interviewed  approximately  15  hours  after  the 
termination  of  their  run.  They  reported  experiencing  deficits 
in  attention  and  short-tern  memory  as  the  run  progressed.  Indi- 
vidual members  also  reported  feeling  incapacitated  by  fatigue 
and  of  making  perseverative  errors  toward  the  end  of  the  run. 

The  result  was  a verbalization  of  a perception  of  rapid  deteriora- 
tion which  led  to  their  decision  to  terminate.  The  team  stopped 
the  run  before  substantial  evidence  of  deterioration  appeared  in 
the  performance  data. 

In  sum,  the  38-hour  run  design  provided  no  evidence  of 
performance  change.  There  was  suggestive  evidence  of  performance 
decrement  within  the  72-hour  design  but  that  team  terminated  its 
run  before  substantial  changes  were  observed. 

11.  A Behavioral  Checklist  was  designed  to  assist  in  systemi- 
cally  observing  and  readily  quantifying  changes  in  the  general 
behavior  of  individual  FDC  team  memlers.  Observers  were  seated 
before  a bank  of  four  video  monitors  by  which  they  could  clearly 
see  all  team  members  except  when  the  subjects  exited  into  a smaller 
attached  chamber  to  use  the  latrine  or  obtain  MCI  foodstuffs.  A 
set  of  headphones  connected  to  the  output  from  individual  team 
microphones  permitted  continuous  monitoring  of  all  verbal  communi- 
cations . 
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At  five-minute  intervals  the  observer  noted  on  a checklist 
each  subject's  ongoing  behavior  at  that  particular  moment.  Three 
major  categories  of  behavior  (i.e.,  whole  body  posture,  current 
activity,  and  verbal  behavior)  were  monitored  and  classified 
according  to  a set  of  mutually  exclusive  sub-categories  for  each. 
The  entire  data  recording  process  required  no  more  than  one  minute 
and  proceeded  in  a fixed  sequence  beginning  with  the  FDO  and  end- 
ing with  the  RTO. 

Preliminary  analysis  of  the  results  examined  gross  behavioral 
patterns  corresponding  to  different  halves  of  the  scenario  or 
its  six-hour  blocks.  With  regard  to  posture,  all  subjects  except 
the  FDO  tended  to  sit  whenever  they  could  and  sat  down  more  often 
in  the  second  half  of  each  block.  In  addition  to  this  variation 
within  blocks,  there  was  an  overall  increase  in  frequency  of 
sitting  from  the  start  of  the  scenario  until  a peak  between  0330 
and  0600  on  the  second  day  (i.e.,  the  midpoint  of  the  total  time 
spent  in  the  chamber)  followed  by  a gradual  decrease.  The  totcil 
team  frequency  of  standing  or  stooping  exhibited  a rhythmical 
pattern.  Each  posture  having  a peak  frequency  of  occurrence 
every  twelve  hours  with  stopping  six  hours  out  of  phase  with 
standing.  More  detailed  analyses  must  be  completed  before  the 
reliability  and  significance  of  these  apparent  rhythms  can  be 
ascertained. 

The  within  block  variation  in  sitting  correlates  with  the 
activity  data  in  that  the  subjects  were  engaged  in  FDC  task  re- 
lated activities  more  often  in  the  first  half  of  seven  of  the 
eight  blocks.  Obviously,  being  actively  engaged  in  working  is 
less  conducive  to  sitting. 

There  was  also  some  consistent  differences  in  the  team's 
behavior  between  the  first  and  second  halves  of  the  scenario. 
During  the  first  half  (i.e.,  first  22  hours)  they  worked  more 
frequently,  played  more  frequently,  and  left  the  chamber  more 
often  than  in  the  second  half.  Their  verbal  behavior  suggests 
that  they  were  more  relaxed  during  the  first  half  also  since 
joking,  singing,  and  laughing  occurred  much  more  often.  As 
might  be  expected,  they  slept  more  frequently  during  the  second 
half  of  the  scenario. 

The  foregoing  findings  suggest  that  further  examination  of 
the  Behavioral  Checklist  is  justified  and  may  lead  to  a clearer 
understanding  of  the  time-related  changes  in  the  team  s behavior 
preceding  their  termination  of  participation.  By  examining 
changes  in  individual  behavior  it  should  be  possible  to  determine 
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the  influence  one  subject's  behavior  may  have  other  another's  and 
whether  certain  behavior  patterns  became  ritualized  over  time. 

Temporal  occurrence  of  food  and  water  ingestion  behaviors  were  also 
recorded  in  one  run.  This  data  has  been  tabulated  but  not  analyzed. 


f 

j] 

I 


1 1 


RESEARCH  AND  TECHNOLOGY  WORK  UNIT  SUMMARY 


ft.  OAT*  Anew  SUIr RY 

76  10  01 


maroMr  COM  TMot  mmoL 

DD-DRitE(AR)6  St 


1102A 


Cards  114F 


3M161102BS01 


TL*  (fnc<*  >IA  StOaHlT  ClMtlllCAllai  C*A| 


(U)  Military  Psychiatry  Epidemlolog 


SCIENTIFIC  AND  TECHNOLOGICAL  AREAS* 


003500  Clinical  Medicine  013400  Psychology 


l«.  ESTIMATED  COMPLETION  OAT* 


!•  RESOURCES  ESTIMATE 


A OA  TES/E  EWECTl  VE:  N/A 


1C.  PERFORMANCE  METHOD 


C . In-House 


Foreign  Intelligence  Not  Considered 


TECHNICAL  OBJECTIVE.*  »A  APPROACH.  Ift.  PROGRESS  (Pv*«M«A  I/MMAaI  l4tmHtU4  Mr  P»»e«M»  •»  fe^ltr  ClMMlEcarlon 

23.  (U)  This  unit  examines  military  organizational,  social,  psychological,  and  environ- 
mental factors  that  create  risk  for  and  conduce  to  psychiatric  disease,  psychosomatic 
illness,  behavioral  dysfunction  and  physical  illness  as  they  effect  Army  personnel  and 
impact  of  care  giving  agencies. 

24.  (U)  The  methods  of  epidemiology,  including  records  surveillance,  population  and 
demographic  analysis,  questionnaire  and  field  and  cohort  studies  as  well  as  methods  of 
the  psychological  and  social  sciences  are  used  to  delineate  environments  of  risk  for 
psychiatric  illness  and  periods  of  special  risk  for  such  illness  at  critical  points  in 
the  career  of  the  soldier. 

25.  (U)  76  10-77  09  Analysis  of  the  past  and  present  patterns  of  psychiatric  disease, 
illnesses  with  a psychosomatic  component  and  behavioral  dysfunctions  is  presently  under- 
lay utilizing  morbidity  statistics  and  materials  available  through  IPDS  and  other  DA 
reporting  systems.  These  materials  indicate  a continuing  rise  in  psychoses  and  other 
[selected  rates  since  the  late  1960's.  During  the  past  year  studies  were  initiated  and 
are  being  carried  out  on  the  analysis  of  psychiatric  and  health  problems  of  women  in 
the  Army.  Studies  have  also  been  initiated  collaboratively  between  this  department  and 
the  Department  of  Military  Medical  Psychophysiology  on  the  epidemiology  of  neurological 
syndromes  caused  by  penetrating  wound  and  other  traumatic  agents.  Studies  have  been 
rarried  out  reviewing  patterns  and  incidents  of  suicide  among  Army  personnel.  Cohort 
and  other  records  analysis  studies  are  being  developed  to  determine  risk  for  various 
psychiatric  disease  and  illnesses  in  terms  of  their  psycho-social  components.  True 
prevalence  studies  designed  to  assess  the  actual  distribution  of  psychologically  re- 
lated illnesses  in  Army  population  will  be  carried  out  at  selected  Army  posts,  as  will 
incidence  studies  analyzing  the  impact  of  such  illness  syndromes  on  care  giving  agen- 
cies. For  technical  report  see  Walter  Reed  Army  Institute  of  Research  Annual  Progtess 
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Description 

The  military  environment  places  markedly  different  and 
sometimes  unique  demands  and  strains  upon  its  populations  than 
do  civilian  environments.  These  demands  and  differences  in  terms 
of  individual  and  unit  effectiveness  and  performance,  mental  and 
physical  health,  and  behavioral  disruption  and  dysfunction  engender 
chronic  affects  in  peacetime  to  the  Army.  In  periods  of  deployment 
and  combat,  such  stresses  may  have  acute  affects  on  the  capability  of 
units  to  perform  their  missions . This  work  unit  examines  military 
organizational,  social,  psychological,  and  environmental  factors  that 
both  create  risk  for  and  mitigate  against  psychiatric  disease,  psycho- 
somatic and  physical  illness,  behavioral  dysfunction  and  disruption 
of  performance  as  they  affect  Army  personnel  and  impact  on  care  giving 
agencies.  The  methods  of  epidemiology,  including  records  surveillance, 
population  and  demographic  cohort  studies  and  methods  of  the  psycho- 
logical and  social  sciences  are  used  to  delineate  factors  conducing 
to  risk  as  well  as  mitigation  for  such  illnesses,  disruptions  and 
dysfunctions . 


1.  The  Career  Outcome  Study 
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Description 

Urine  positivity  is  assumed  to  be  a risk  factor  for  psychiatric, 
and  physical  illnesses  as  well  as  behavioral  dysfunctions  and  in- 
effective performance.  This  study  was  designed  to  assess  the  long 
range  behavioral  implications  of  urine  positivity  and  its  potency 
as  a factor  of  selection  for  risk  for  health  and  behavioral  problems 
and  to  evaluate  the  medical  evaluation  procedure  following  designa- 
tion of  an  individual  as  urine  positive.  A cohort  demonstrating 
this  presumed  risk  factor  and  controls  who  entered  the  Army 
during  1972-73  was  defined  in  order  to  prospectively  study  their 
individual  medical  and  military  careers.  The  cohorts  consist  of 
1967  individuals  with  positive  urines  and  2432  negative  urine  con- 
trols. The  rate  of  matching  was  slightly  over  80%  for  each  cohort. 

Progress 

The  computer  programs  used  in  the  analysis  of  the  personnel  data 
(MOS,  assignment,  and  rank)  had  been  written  to  allow  for  a maximum 
of  nine  changes  in  those  items  during  the  40  months  of  the  reports . 
The  presence  of  10  or  more  changes  was  not  anticipated  and  resulted 
in  the  generation  of  an  error  flag  and  the  deletion  of  the  record 
from  further  consideration.  Analysis  of  the  third  and  fourth  year 
of  the  study  has  been  deferred  while  the  computer  programs  have 
been  re-written  and  the  cumulative  history  file  re-created  to  accept 
the  larger  number  of  changes  which  have  been  observed  in  the  data. 
Fortuitously,  the  24  month  analysis  was  not  affected  since  the  first 
of  the  individuals  did  not  accumulate  more  than  nine  changes  (and 
consequently  appear  as  an  error  to  be  deleted)  until  the  26th  month. 

Analysis  of  the  results  from  the  first  24  months  has  been  ex- 
tended from  the  material  presented  in  the  previous  annual  report. 

The  material  is  subject  to  several  interpretations  with  divergent 
implications.  Considering  the  urine  positive  group  contrasted  with 
the  urine  negative  group,  there  are  large  differences  observed  in 
several  measures.  These  differences  are  seen  in  the  ratio  of  those 
who  fail  to  successfully  complete  two  years  of  active  duty  (33% 
versus  22%,  the  urine  positives  are  52%  worse),  in  the  ratio  of 
annual  hospitalizations  (322/1000  soldiers  versus  234/1000,  the 
urine  positives  are  41%  worse) , in  the  ratio  of  annual  hospital  days 
(7.8  versus  6.6,  the  urine  positives  are  18%  worse),  and  in  the 
ratio  of  the  fraction  remaining  at  grade  E3  or  lower  at  month  24 
(47%  versus  35%,  the  urine  positives  are  33%  worse).  An  alterna- 
tive is  to  consider  the  unscreened  group  (which  contains  the 


"naturally  occurring"  2%  urine  positives)  in  contrast  to  a urine 
negative  group.  The  respective  ratios  change  from  52%,  41%,  18% 
and  33%  to  0.9%,  0.8%  0.3%  and  0.6%  with  the  unscreened  group  worse 
than  the  urine  negative  group. 

Given  that  the  outcome  measures  of  the  urine  positive  group 
would  remain  at  the  same  level  with  changes  in  the  rate  of  urine 
positivity  in  the  population,  it  is  possible  to  calculate  the  conse- 
quences of  adopting  one  of  two  extreme  strategies  with  regard  to 
urine  screening.  We  assume  for  the  sake  of  this  argument  that  we 
may  either  urine  screen  and  reject  all  positives  or  that  we  do  not 
do  the  urine  screen  at  all.  For  each  assumed  population  urine 
positive  rate,  we  can  project  the  number  rejected  as  a result  of 
having  a positive  urine  (and  consequently,  the  additional  number 
that  must  be  recruited  to  compensate),  the  total  number  of  urine 
tests  that  must  be  administered,  and  the  number  of  expected  early 
separations  which  would  be  avoided.  Using  the  observed  career  out- 
come data  and  an  assumed  urine  positive  rate  of  10%,  we  have,  for 
each  1000  soldiers  entering  basic  training,  an  increased  recruiting 
quota  of  111  individuals  and  the  administration  of  1111  urine  tests 
assuming  the  use  of  the  strategy  of  rejecting  anyone  with  a positive 
urine.  This  will  give  1000  soldiers  entering  basic  training  and 
781  successful  soldiers  by  month  24.  The  other  strategy  (not  to 
urine  screen)  leaves  the  recruiting  quota  at  1000  (rather  than  1111) , 
requires  no  urine  tests  (rather  than  1111) , also  starts  with  1000 
soldiers  entering  basic  training  but  ends  up  with  771  successful 
soldiers  at  month  24  (rather  than  781).  The  interpretations  and 
implications  of  the  data  from  the  career  outcome  study  are  in  manu- 
script for  publication  in  the  scientific  literature. 

2.  Psychiatric  Hospitalization  of  Females  in  the  Army 
Description 

This  is  a four  year  prospective  study  which  will  determine  the 
extent  to  which  psychiatric  hospitalization  and  diagnosis  differ  be- 
tween male  and  female  soldiers  during  the  course  of  their  first  term 
enlistment.  A further  comparison  will  be  made  of  hospitalization 
outcome  of  soldiers  receiving  traditional  basic  training  versus 
soldiers  receiving  sex-integrated  basic  training.  As  this  study 
progresses  it  is  anticipated  that  it  will  generate  hypotheses  which 
can  be  tested  in  epidemiological  field  studies. 

Progress 

Each  of  the  seven  basic  training  posts  within  CONUS,  as  a result 
of  a dictate  from  HQ  TRAD0C,  has  submitted  rosters  of  all  male  and 
female  enlistees  entering  the  Army  in  the  month  of  June  1977. 
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In  addition,  rosters  of  all  male  and  female  soldiers  who  partici- 
pated in  the  Basic  Initial  Entry  Training  Test  (BIET)  at  Ft.  McClellan, 
Alabama  completed  in  October,  1976  and  male  and  female  basic  trainees 
undergoing  traditional  training  during  the  same  period  have  also  been 
submitted  and  received.  The  investigators  are  now  in  the  initial 
process  of  preparing  a case  registry  which  will  consist  of  hospital- 
ization data  from  the  Army  Individual  Patient  Data  System  (IPDS)  and 
personnel  data  from  the  MILPERCEN  personnel  data  from  the  enlisted 
master  file. 

3.  The  Epidemiology  of  Suicide  in  the  Army 
Description 

In  collaboration  with  the  Psychiatry  and  Neurology  Consultant, 
Directorate  of  Health  Care  Operations,  Office  of  the  Surgeon  General, 
the  total  number  of  completed  cases  of  active  duty  Army  suicides  for 
calendar  years  1975  and  1976  were  collected.  These  data  have  been 
arrayed  and  analyzed. 

Progress 

The  findings  of  this  study  are  presented  in  a draft  manuscript 
to  be  submitted  for  publication.  In  brief  there  were  a total  of  255 
cases  during  the  two-year  period,  producing  a suicide  rate  of  16.4 
per  100,000.  The  male  rate  was  16.8,  higher  than  that  reported  for 
any  of  the  armed  services  since  World  War  II.  The  female  rate  was 
9.9,  but  is  based  on  only  nine  cases.  The  heaviest  concentration 
of  male  suicides  was  in  the  20-24  age  group,  which  had  103  of  the  255 
cases,  and  a rate  of  18.3.  There  were  23  cases  at  age  23,  with  a 
rate  of  26.4 — the  highest  specific-year  age  rate  until  age  42  was 
reached.  The  following  ratios  obtained  between  comparison  rates: 
male  to  female  1.7,  enlisted  to  officer  1.7,  white  male  to  black 
male  1.9.  The  median  length  of  service  for  both  male  and  female 
enlisted  suicides  was  3.0  years,  for  male  officers  13.8  years. 

Forty  per  cent  of  the  entire  group  was  single;  66  per  cent  of  all 
the  cases  had  no  children.  Over  one-half  of  the  suicides  took 
place  at  home — family  quarters,  apartment,  parental  home  or  barracks. 
The  predominant  method  of  self  destruction  was  the  firearm.  June 
was  the  highest  frequency  month,  Wednesday  day  of  the  week.  From 
a running  list  of  stressful  problems  extant  at  the  time  of  suicide, 
the  most  frequently  occurring  untoward  circumstance  was  difficulty 
of  one  sort  or  another  with  a subject's  significant  others  usually 
wife,  fiance  or  girlfriend.  A five-class  taxonomy  for  categorizing 
the  ascendant  dysphoric  motivational  state  precipitating  the  suicide 
was  suggested  from  observations  and  commentary  contained  in  the  case 
files.  The  results  of  the  stressful  problem  counts  and  the  taxonomy 
tabulations  can  be  interpreted  as  supporting  Shneidman's  position 
that  suidice  is  primarily  a dyadic  phenomenon;  that  is,  one  involv- 
ing two  people  rather  than  an  individual  problem. 


('()S 


4.  The  Expectation  Fraction  Instrument 
Description 

Research  carried  out  in  the  psycho-social  aspects  of  psychi- 
atric epidemiology  during  recent  years  has  indicated  that  avail- 
ability and  quality  of  an  individual's  social  support  network- 
that  is,  those  other  people  from  whom  an  individual  will  receive 
reinforcement  and  aid  in  coping  with  life  stresses  and  events- 
serves  a major  function  determining  the  health  outcome  to  that  in- 
dividual as  part  of  the  sequel  of  responses  to  both  acute  and 
chronic  stress.  Much  of  the  literature  of  military  psychiatry  in- 
dicates as  well  that  the  face  to  face  social  supports  provided  by 
the  soldier's  primary  group  serve  in  a powerful  manner  to  affect  his 
ability  to  successfully  cope  with  the  multiple  stresses  of  deploy- 
ment and  the  battlefield.  The  Expectation  Fraction  Instrument 
represents  an  initial  attempt  to  develop  a quantifiable  instrument 
for  assaying  and  inventorying  the  self-  perceived  quality  and  fre- 
quency of  contact  of  an  individual  with  his  network  of  "significant 
others"  - those  who  comprise  his  social  support  system.  The  success- 
ful development  of  such  a model  would  enable  us  to  relate  critical 
psycho-social  processes,  the  individual's  perceived  relationship  to 
his  social  support  system,  to  protection  and  susceptibility  to  break- 
down while  under  conditions  of  stress  as  well  as  to  the  evolution  of 
health  outcomes. 

Progress 

An  initial  version  of  the  Expectation  Fraction  Index  has  been 
developed.  A pilot  study  to  test  its  reliability  and  construct 
validity  is  presently  underway  using  members  of  the  WRAIR  staff 
as  subjects.  It  is  anticipated  that  testing  and  preliminary  data 
analysis  will  be  completed  during  the  first  six  months  of  the  coming 
fiscal  year. 

5.  Battle  Injuries  and  Associated  Neurologic  Disorders  Sustained 
by  Active  Duty  Army  Personnel  During  the  Vietnam  Conflict 

Description 

This  is  a collaborative  project  undertaken  by  investigators 
and  of  this  Department  and  investigators  of  the  Department  of  Mili- 
tary Medical  Psychophysiology.  For  a complete  description  and 
report  see  Military  Psychiatry,  Work  Unit  039,  Military  Stress; 

Health,  Performance  and  Injury  Factors. 
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3.  (U)  Investigations  will  seek  to  describe  the  means  by  which  the  nervous  system 

ffects  bodily  responses  to  stress  and  injury,  and  to  discern  those  combinations  of 
hysiologic  parameters  which  collectively  define  the  optimal  conditions  for  effective 
ilitary  performance. 

1*.  (U)  Animal  models  of  performance  will  be  created  using  the  techniques  of  operant 

nd  respondant  conditioning  and  the  role  of  internal  factors  in  performance  variability 
ssessed  by  neurophysiologic  recording  of  intracellular  and  extracellular  bioelectric 
otentials;  the  descriptive  and  experimental  neuroanatomical  techniques  of  light  and 
lectron  microscopy  and  histochemistry;  stimulation  or  lesioning  of  discrete  brain 
reas;  and  experimental  modifications  of  hormonal  status  by  ablation  and/or  administra- 
ion  of  exogenous  hormones  or  other  drugs. 

5.  (U)  76  10  - 77  09  Activities  included:  development  of  a method  for  creating 
astric  ulcers  in  rats;  demonstration  that  rhythmicity  in  a subject's  rate  of  doing  a 
epetitive  task  may  be  distinct  from  the  rhythmicity  of  task  accuracy;  continued  de- 
elopment  of  animal  models  for  performances  demanding  choice;  extended  descriptions 
f animal  performance  following  brain  injury  and  sensory  loss;  discovery  of  cells  of 
rigin  of  monkey  spinocerebellar  brain  path;  discovery  of  new  spinal  cord  paths 
oncerning  cardiovascular  function;  discovery  of  cerebral  cortex  cells  responsive  to 
ain,  and  sensations  from  the  viscera.  For  technical  report  see  Walter  Reed  Army 
nstitute  of  Research  Annual  Progress  Report,  1 Jul  76  - 30  Sep  77. 
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Description. 

Work  within  this  unit  directs  the  technologies  of  multiple  disciplines 
toward  the  analysis  of  biological  modulation  of  military  performance. 

The  interaction  of  biology  and  behavior  can  be  conceptualized  on  many 
levels.  At  one  extreme  is  the  manner  in  which  the  biological  endowment 
of  the  normal  individual  controls  behavioral  adjustment  to  the  military 
environment.  This  endowment  may  include  how  behavior  is  organized,  how 
it  is  motivated,  how  it  adapts  to  changes  in  environmental  conditions, 
and  how  it  may  in  fact  alter  the  basic  biological  constituents  of  the 
individual.  As  a military  medical  research  endeavor  we  are  not  only 
concerned  with  optimizing  behavioral  functioning  but  are  also  concerned 
with  various  so-called  disorders  of  behavioral  processes  generated  by  a 
military  environment;  that  is,  why  behavior  becomes  disorganized, 
unmotivated,  maladaptive,  or  pathogenic . We  tend  to  expect  these  dis- 
orders under  conditions  which  appear  stressful,  noxious,  complex,  and 
demanding,  conditions  which  for  a variety  of  reasons  are  identified 
with  military  combat  situations  involving  coping  with  life-threatening 
environmental  circumstances,  continuous  or  unusual  scheduling  of 
activities,  and  complex  or  conflicting  task  requirements.  The  first 
five  specific  activities  described  below  address  questions  of  how  the 
normal  biological  endowment  predisposes  an  organism  to  various  forms  of 
behavioral  variations  and  breakdown  including  extreme  cases  in  which 
the  behavior  literally  generates  physical  disease  (e.g.,  gastric  ulcer). 

At  the  other  extreme  are  considerations  of  how  alteration  of  the 
biological  environment  of  the  individual  infTuences  the  normal  structure 
and  function  of  behavior.  In  this  case  we  are  concerned  with  the  po- 
tential traumatic  direct  effects  of  a military  environment  on  the 
nervous  system  and  how  that  may  in  term  disorder  the  behavior  of  the  in- 
dividual. For  example,  how  the  loss  of  normal  limb  afferents  would  alter 
motor  functioning.  Behavioral  adjustment  in  this  case  is  modulated  direct- 
ly by  changes  in  the  biological  endowment  and  indirectly  by  the  traumatic 
effects  of  a military  situation.  The  last  three  activities  described 
below  address  questions  of  how  disruptions  of  the  biological  endowment 
may  generate  behavioral  changes  and  what  neural  systems  are  important 
in  mediating  these  disorders. 

BIOLOGICAL  RHYTHMS  AND  THE  MODULATION  OF  BASIC  BEHAVIORAL  PROCESSES . 

The  experiments  covered  in  this  section  deal  with  orderly  periodic 


fluctuations  in  behavior  (i.e.,  behavioral  rhythms).  Recent  techno- 
logical developments  have  increased  the  likelihood  that  military 
operations  in  conventional  wars  will  involve  essentially  continuous 
round-the-clock  operation,  or  operations  at  unusual  times  of  the  day. 

While  it  is  well  established  that  performance  under  such  conditions 
will  be  subject  to  rhythmic  fluctuations  (circadian  and  ultradian 
rhythms),  little  is  known  of  variables  affecting  such  rhythmic  processes, 
and  little  is  known  of  dependent  variables  or  behavioral  processes  most 
likely  to  show  such  variations. 

What  literature  does  exist  on  behavioral  rhythms  deals  almost 
totally  with  behavioral  output,  or  the  rates  at  which  behavior  is 
emitted.  The  studies  to  be  dealt  with  in  this  report  are  an  attempt  to 
investigate  rhythms  in  aspects  of  behavior  that  are  orthogonal  to  rate, 
such  as  the  quality  or  accuracy  of  a performance.  The  following  ques- 
tions are  of  particular  interest:  l)  what  types  of  behavior  will  show 
qualitative  behavioral  rhythms?  2)  what  variables  are  effective  in 
modulating  behavioral  rhythms?  and  3)  what  are  the  relationships  (phase, 
amplitude,  modifiability)  between  quantitative  and  qualitative  aspects 
of  behavioral  rhythms?  The  question  of  the  nature  of  the  control  of  the 
rhythms,  either  by  an  endogenous  biological  clock  or  by  exogenous  en- 
training stimuli  is  not  of  particular  concern  to  these  studies,  since 
it  is  assumed  that  the  military  operations  to  which  the  results  of  these 
studies  may  be  applied  would  be  carried  on  in  environments  containing 
powerful  external  entraining  stimuli  (e.g.,  day/night  cycles).  The 
fundamental  strategy  in  all  the  experiments  to  be  reported  is  to  train 
animals  to  perform  a task,  then  to  test  their  ability  to  do  so  at 
various  times  of  the  day  and  night. 

Auditory  duration  discrimination  training  in  rats : Each  of  four  male 
albino  rats  lives  in  its  own  experimental  chamber  containing  two  levers, 
a "sonalert"  auditory  signal  generator,  a dispenser  for  delivering  l*5mg 
food  pellets,  a continuously  available  water  bottle,  and  overhead 
lights  to  produce  general  illumination.  Eight  experimental  sessions  are 
run  daily,  spaced  three  hours  apart,  four  with  the  overhead  lights  on, 
and  four  with  them  off.  Each  session  consists  of  a sequence  of  trials 
spaced  1*0  sec  apart.  Each  trial  lasts  a maximum  of  20  sec  and  is 
signalled  by  the  onset  of  an  intermittent  tone  from  the  sonalert.  Each 
tone  burst  consists  of  a train  of  pulses,  one  every  two  seconds,  and 
it  is  the  task  of  the  rat  to  discriminate  the  duration  of  the  pulses. 

If  the  pulses  are  short,  pressing  on  the  left  lever  produces  a food 
pellet.  If  the  pulses  are  long,  pressing  on  the  right  lever  produces 
food.  The  difficulty  of  the  discrimination,  then,  can  be  varied  by 
altering  the  relative  duration  of  the  short  and  long  pulses.  50%  of 
the  trials  are  of  each  type.  The  independent  measures  of  behavior  that 
can  be  obtained  for  each  session  include  the  overall  frequency  of  res- 
ponding (percent  of  trials  in  which  responding  occurs),  and  the  accuracy 
of  those  responses  that  do  occur.  Within  this  context,  a prior  experiment 
in  which  the  difficulty  of  the  task  was  varied  by  altering  the  differ- 
ence between  the  long  and  short  tone  durations  showed  that  there  was 
indeed  a rhythm  in  both  accuracy  and  percent  of  trials  completed.  As  the 
problem  was  made  more  difficult,  the  rhythm  in  work  rate  decreased  in 


amplitude,  tut  the  amplitude  of  the  accuracy  rhythm  remained  roughly 
constant.  In  a second  experiment  completed  this  fiscal  year,  the  rhythm 
in  work  rate  was  modulated  by  increasing  the  number  of  lever  presses  re- 
quired to  indicate  a choice.  The  analysis  of  these  data  is  incomplete, 
but  preliminary  results  suggest  that  there  was  a similar  dissociation 
between  the  modulation  of  the  work  rate  rhythm  and  the  accuracy  rhythm. 

A final  experiment  involves  a brief  evaluation  of  the  role  played  by 
regular  twelve  hour  cycle  of  houselight  illumination  in  the  entrainment 
of  the  rhythms.  Following  a stabilization  period  with  the  normal  12/12 
light  cycle,  the  animals  were  tested  in  continuous  light  for  7 consecutive 
days.  They  were  then  returned  to  the  normal  12/12  cycle  for  restabiliza- 
tion, then  run  for  7 days  in  total  darkness  followed  by  return  to  baseline. 
Preliminary  analysis  of  the  data  for  the  continuous  light  manipulation 
indicates  that,  as  expected,  the  animal's  rhythms  in  work  rate  disappeared 
under  these  circumstances.  Further  analyses  will  be  undertaken  to  de- 
termine effects  on  accuracy  rhythms,  and  the  relationships  between  the 
two  rhythms. 

Quantitative  and  qualitative  behavioral  rhythms  in  primates : Several  ex- 
periments are  underway  investigating  variables  controlling  quantitative 
and  qualitative  rhythms  in  various  complex  behaviors  in  Rhesus  monkeys. 

Microanalysis  of  fixed-ratio  performance.  Two  monkeys  are  being 
run  on  simple  schedules  in  which  one  food  pellet  is  provided  for  every 
50  key  presses  (FR  50 ) . Sessions  are  run  at  various  times  of  the  day. 
Extremely  fined-grained  data  collection  procedures  are  being  used  in 
order  to  enable  a detailed  analysis  of  performance  changes  as  a function 
of  time  of  the  day  under  these  simple  conditions.  Preliminary  results 
suggest  that  response  durations  may  be  as  sensitive  an  indicator  of 
rhythm  effects  as  the  more  traditional  measure  of  time  between  responses. 

Interoceptive  stimulus  control.  When  a behavioral  response  is  more 
likely  in  the  presence  of  one  stimulus  than  in  the  presence  of  others, 
it  is  said  that  stimulus  control  has  been  established.  The  stimuli  may 
be  either  exteroceptive,  (eg. , a light  or  a sound)  or  interoceptive, 

(e.g.,  a visceral  stimulus  or  a state  of  deprivation).  It  has  been 
suggested  that  behavior  controlled  by  interoceptive  stimuli  is  more 
subject  to  disruption  by  a variety  of  pharmacological  and  toxic  agents, 
as  well  as  other  environmental  perturbations.  Time-of-day  effects  on 
behavior  might  therefore  be  more  profound  when  the  behavior  is  under 
interoceptive  stimulus  control  than  when  it  is  externally  controlled. 

The  present  experiment  establishes  conditions  for  behavior  to  be  inter- 
oceptively  controlled.  Four  monkeys  live  in  experimental  cages  contain- 
ing two  keys.  In  order  to  get  food,  the  monkeys  must  complete  at  least 
10  but  not  more  than  15  presses  on  the  first  key  (key  A)  before  responding 
on  the  second  key  (key  B).  Switching  to  key  B either  too  early  or  too 
late  results  in  a 30  second  period  of  time  (timeout)  in  which  food  is 
unavailable.  The  stimulus  for  switching,  therefore,  is  the  completion  of 
the  required  number  of  responses  with  no  external  cue  provided.  The 
behavior  of  switching  therefore,  must  necessarily  be  under  control  of 
some  interoceptive  cue.  To  increase  the  likelihood  that  the  internal  cue 
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is  the  number  of  responses  completed  rather  than  the  amount  of  time  spent 
responding,  a required  delay  is  imposed  between  successive  responses  on 
key  A.  Each  time  the  animal  presses  key  A,  both  keys  turn  red  for  a 
period  ranging  from  0.1  sec  to  0.9  sec.  Pressing  either  key  during  the 
delay  results  in  a timeout.  For  any  given  run  of  key  A responses,  the 
delay  remains  the  same. 

The  results  of  this  experiment  may  be  analyzed  in  several  ways,  the 
most  promising  of  which  is  signal  detection  theory,  which  allows  separa- 
tion of  the  organism's  sensitivity  to  the  stimulus  dimension  controlling 
behavior  from  factors  affecting  the  bias  for  alternative  responses . Data 
thus  far  indicate  that  a circadian  rhythm  exists  in  the  animals'  tendency 
to  respond,  with  little  effect  on  the  measure  of  sensitivity. 

Delayed  stimulus  control.  Complexity  of  behavioral  procedures  also 
increases  their  sensitivity  to  disruption  by  a variety  of  influences. 
Situations  which  impose  a delay  between  a signal  and  the  opportunity  to 
emit  one  of  two  responses  based  on  the  nature  of  that  signal  are  par- 
ticularly difficult  and  sensitive  to  disruption.  The  four  monkeys  in 
this  experiment  are  required  to  respond  to  terminate  a train  of  tone 
pulses  in  which  the  tones  are  either  shorter  or  longer  than  0.6  sec. 
Following  a delay  period  ranging  from  1 to  9 sec,  the  animal  has  an 
opportunity  to  respond  indicating  whether  the  tones  in  the  preceeding 
pulse  train  were  long  or  short.  Correct  choices  are  followed  by  food, 
and  incorrect  choices,  or  responses  during  the  delay  period  are  followed 
by  a timeout.  The  animals  in  this  experiment  are  still  in  various 
stages  of  training,  so  little  may  be  said  of  any  rhythm  effects. 

Acquisition  of  new  behavior.  A fourth  task  has  been  developed  which 
requires  the  subject  to  press  three  keys  in  a predetermined  sequence  of 
four  responses.  For  example,  food  may  follow  a sequence  of  presses 
such  as  key  1,  key  2,  key  3,  key  1.  The  correct  sequence  is  changed  at 
the  start  of  each  session  so  that  the  acquisition  of  the  solution  can  be 
studied  repeatedly.  During  the  early  part  of  each  session  the  subjects 
typically  attempt  a variety  of  different  solutions.  Any  correct  res- 
ponse - such  as  key  1 in  the  last  position  of  the  example  above  - is 
signalled  as  correct  regardless  of  the  accuracy  of  the  other  three 
responses,  but  food  only  follows  entirely  correct  sequences.  The  sub- 
jects have  now  achieved  a high  level  of  accuracy  requiring  twenty  to 
forty  attempts  before  solving  the  sequence  problem  consistently.  A 
computer  system  of  control  and  recording  has  been  perfected  which  permits 
automatic  programming  of  new  problems  without  experimenter  intervention 
and  automatically  records  the  details  of  each  acquisition  process.  The 
study  is  now  at  the  stage  of  rotating  sessions  around  the  clock  to 
sample  performance  at  all  hours  of  the  day  and  night. 

PRINCIPLES  OF  BEHAVIORAL  CHANGE.  This  program  of  research  has  continued 
at  a slower  pace  while  computer  facilities  were  implemented  in  the  lab- 
oratory to  permit  more  reliable  and  complete  recording  of  the  course  of 
behavioral  change.  In  a manner  similar  to  the  previously  described  ex- 
periment, subjects  learn  a new  sequence  of  responses  during  each  test 
session.  Previous  work  has  shown  that  visual  signals  for  reward  after 
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fractional  portions  of  the  correct  sequence  greatly  facilitated  acquisi- 
tion of  the  solution.  This  study  has  now  teen  published.  The  next  steps 
will  include  the  following  investigations: 

(a)  manipulation  of  the  length  and  complexity  of  the  sequence  prob- 
lems to  determine  the  fundamental  determiners  of  problem  difficulty. 

(b)  manipulation  of  the  signals  for  reward  to  determine  if  locus, 
and  duration  are  determiners  of  their  effect. 

(c)  manipulation  of  the  amount  of  food  reward  for  solutions  relative 
to  non-solutions  to  determine  how  primary  motivation  influences  solution 
acquisition. 

THE  BIOLOGICAL  ECONOMY  CONTROLLING  CHOICE  BETWEEN  DIFFERENT  COMMODITIES . 
Economic  factors  strongly  influence  the  variability  of  behavior  and  the 
susceptibility  of  continuous  performance  to  biological  rhythms.  Several 
follow-up  experiments  were  conducted  similar  to  those  reported  previously 
studying  choice  in  a natural  economic  system  among  different  commodities. 
Two  monkeys  have  been  studied  with  choices  between  two  sources  of  food 
and  one  source  of  water.  The  new  experiments  sought  to  eliminate  the 
level  of  water  deprivation  as  a variable.  Despite  large  changes  in  total 
daily  water  intake,  similar  relations  described  choice.  For  choices  in- 
volving the  two  foods,  the  subjects  prefer  the  source  which  provides  the 
most  frequent  opportunities  to  eat.  For  choice  between  food  and  water, 
performance  is  largely  independent  of  the  frequency  of  opportunities  to 
eat  or  drink  in  a given  period  as  long  as  the  total  daily  ingestion  of 
food  and  water  is  held  constant.  Thus,  these  experiments  confirmed  the 
earlier  findings  that  choice  between  substitutable  or  similar  commodities 
is  controlled  by  different  variables  from  those  that  govern  choices  be- 
tween non-substitutable  or  dissimilar  commodities. 

The  study  of  choice  between  electrical  brain  stimulation  (EBS), 
reinforcement  of  the  lateral  hypothalamus  and  food  in  rats  has  been 
extended  to  include  brain  loci  which  generate  stimulus  bound  eating  when 
continuously  stimulated.  Despite  this  additional  element,  responding 
for  EBS,  a nonessential  commodity,  still  declines  with  reduced  oppor- 
tunities to  stimulate  while  responding  for  food,  an  essential  commodity, 
increases  with  reduced  opportunities  to  eat.  These  functions  parallel 
what  economists  call  elastic  and  inelastic  demand,  respectively.  Several 
rats  have  been  studied  with  these  loci  with  two  additional  electrodes 
in  the  ventromedial  hypothalamus  (VMH),  the  reputed  food  satiety  center. 
These  electrodes  will  be  used  to  lesion  the  VMH  prior  to  a replication 
of  the  initial  study  with  varied  opportunities  to  eat  and  self-stimulate . 
It  is  proposed  that  the  VMH  lesion  may  alter  behavior  for  food  reinforcers 
to  more  closely  resemble  the  elastic  demand  function  for  lateral  hypo- 
thalamic brain  stimulation.  Such  a demonstration  will  help  solve  the 
riddle  of  the  relation  between  brain  stimulation  and  food,  and  will  help 
to  explain  the  relationship  between  the  VMH  and  the  LH  in  the  control  of 
eating.  As  a bonus,  these  studies  may  help  define  in  physiological 
terms  the  economic  concept  of  elasticity. 

AN  ACTIVITY-STRESS  ULCER  MODEL . Albino  rats  were  housed  in  individual 
cages  allowing  continuous  access  to  a running  wheel,  but  only  one  hour's 
access  to  food  each  day.  A reliable  pattern  of  changes  in  activity,  food 


intake,  and  body  weight  ensued,  culminating  in  severe  debilitation  and, 
barring  intervention,  death.  Wheel  running  activity  rose  slowly  for 
several  days,  then  very  steeply  for  2-3  days,  peaking  at  levels  100-700 # 
above  control  (free  food)  levels,  and  then  declining  equally  sharply  for 
2-3  days  prior  to  death.  Food  intake  generally  increased  moderately 
over  the  first  few  days  of  this  regimen,  leveled  out  at  about  125#  of 
initial  intake  (1+0-50#  of  free  food  control  levels),  and  finally  dipped 
sharply  just  prior  to  death.  Body  weight  of  course  fell  steadily  during 
this  procedure,  with  most  animals  losing  20-1+0#  altogether.  These  patterns 
were  so  reliable  that,  after  the  first  series  of  subjects,  we  were  able 
to  use  the  dip  in  food  intake  to  below  2.0  g as  a sign  that  death  was 
imminent  in  a given  rat,  and  thus  take  measures  to  prevent  both  unnecessary 
suffering  and  preserve  tissue  from  autolysis  (i.e.,  barbiturate  overdose 
and  rapid  dissection).  Control  rats  given  either  one  hr  food  access,  or 
continuous  running  wheel  access,  but  not  both,  remained  healthy,  both 
"clinically"  and  at  microscopic  level  (described  below).  Body  weight  and/ 
or  age  were  potent  determinants  however.  For  young  rats  weighing  150-175g , 
85 # of  all  subjects  were  sacrificed  within  2 weeks.  Within  the  150-225g 
range,  the  correlation  between  starting  weight  and  days  until  sacrifice 
was  0.79.  Sex  of  the  subjects  was  not  an  important  influence  independent- 
ly of  weight  (female  rats  weigh  less  than  age-matched  males). 

Microscopic  analysis  of  activity-stress  lesions.  Gastric  lesions 
produced  by  the  activity-stress  were  evaluated  by  light-microscopy.  The 
glandular  portion  of  the  stomachs  of  rats  sacrificed  under  the  conditions 
described  above  all  showed  extensive  pathology,  ranging  from  mucosal 
hemorrhage,  with  or  without  focal  necrosis,  through  acute  ulcers  charac- 
terized by  discontinuity  of  the  muscularis  mucosa.  All  rats  showed  the 
entire  range  of  pathology.  In  addition,  33#  had  at  least  one  lesion 
showing  signs  of  regeneration.  Focal  erosion  predominated,  but  all  ex- 
perimantal  rats  had  at  least  one  ulcer  penetrating  the  muscularis  mucosa. 

No  quantitative  or  qualitative  relations  between  stomach  pathology  and 
survival  probability  or  duration  could  be  uncovered.  Besides  being  a 
highly  reliable,  easily  accomplished  technique  for  induction  of  gastric 
pathology,  neither  equipment  nor  labor  intensive,  this  activity-stress 
technique  is  apparently  the  first  rodent  "ulcer"  model  to  reliable  pro- 
duce classical  ulcers  (penetration  of  the  muscularis  mucosa  layer).  Its 
a priori  innocuousness,  and  the  apparent  lack  of  correlation  between 
stomach  pathology  and  survival,  are  two  obvious  lines  of  pursuit. 

HORMONAL  MODULATION  OF  DRUG  EFFECTS:  The  past  year's  work  in  this  area 
constituted  a continuation  of  studies  investigating  the  effects  of 
representative  drugs  on  the  operant  behavior  of  adult  female  albino  rats. 
Specifically,  the  cyclic  changes  in  brain  norepinephrine,  dopamine,  and 
serotonin  corresponding  to  the  rat's  U-day  estrus  cycle  suggested  that 
both  behavior  and  drug/behavior  interactions  dependent  on  these  systems 
should  vary  with  the  estrus  (i.e.,  hormonal  state  of  the  subject). 

Estrus  state  was  assessed  by  daily  vaginal  smears,  and  lever  pressing 
was  reinforced  with  food  on  intermittent  schedules.  Half  the  subjects 
were  trained  under  a variable-interval  (VI)  contingency,  encouraging 
high  rates  of  pressing  ( 1000-5000/hr ) . The  remaining  rats  were  re- 
inforced only  for  responses  separated  by  30  sec  or  more  (a  DRL-30 
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schedule).  In  Experiment  One,  the  rats  were  put  in  the  experimental 
chambers  for  only  one  hr  each  day,  and  were  fed  only  enough  after  each 
day's  session  to  maintain  body  weight  at  85$  of  free-feeding  weight. 

After  performance  stabilized,  the  effects  of  saline,  amphetamine,  and 
pentobarbital  were  assessed.  All  injections  were  given  i.p.  15  min  be- 
fore the  scheduled  start  of  a session.  Amphetamine  sulfate  (A)  doses 
were  0.5,  1.0,  and  2.0  mg/kg;  sodium  pentobarbital  (P)  doses  were  5, 

10,  20  mg/kg.  Each  rat  received  each  dose  of  each  drug  twice,  once 
while  in  estrus  (90$  or  more  cornificed  epithelial  cells  in  smear  taken 
at  1530  hrs),  and  once  while  in  diestrus  90$  normal  epithelial  cells); 
saline  injections  were  given  twice  in  each  of  the  hormonal  conditions. 
Findings  suggested  both  drug  and  drug  by  schedule/behavior  effects,  but 
no  effect  of  hormonal  state.  That  is,  A appeared  to  elevate  the  low  rates 
of  pressing  induced  by  the  DRL  schedule,  but  depress  the  high  rates  in- 
duced by  the  VI  schedule.  P tended  to  elevate  both  high  and  low  rates 
of  responding  at  5 mg/kg,  and  depress  both  high  and  low  rates  at  20  mg/kg, 
with  the  intermediate  dose  producing  equivocal  findings.  These  conclu- 
sions were  essentially  independent  of  the  estrus /diestrus  distinction. 

A similar  experiment,  with  new  subjects,  employed  not  1-hr,  but  6-hr, 
testing  sessions.  These  were  conducted  automatically,  between  1700  and 
2300  nightly,  the  first  6 hrs  of  the  dark  phase  of  the  light /dark  cycle 
in  the  animals'  quarters,  and  also  the  period  of  peak  sexual  receptivity 
on  the  estrus  day  of  the  cycle.  Drug  effects  were  similar  to  those  of 
Experiment  One,  but  intensified  and  with  far  less  intersubject  variabil- 
ity. In  addition,  there  was  a suggestion,  but  only  a suggestion,  that 
drugs  administered  on  estrus  days  produced  a slightly  larger  and  longer 
lasting  effect.  This  is  somewhat  surprising  if  real,  since  the  direction 
and  extent  of  the  drug  effects  was  so  dependent  upon  both  the  dose  level 
and  the  baseline  behavior  (reinforcement  schedule?).  The  project  was 
discontinued  in  June  due  to  the  reassignment  of  the  investigator. 

RECOVERY  OF  MOTOR  FUNCTION  AFTER  LIMB  DEAFFERENTATI ON  (DORSAL  RHIZOTOMY) . 
Abolition  of  sensory  inputs  from  a single  upper  extremity  of  a monkey  by 
surgically  cutting  the  dorsal  roots  innervating  the  limb  results  in  a 
profound  motor  deficit.  Without  explicit  experimental  intervention  the 
animal  does  not  use  the  limb  in  even  the  most  rudimentary  manner;  in 
ambulation  and  climbing  the  animal  uses  only  the  three  normal  limbs;  the 
animal  does  not  use  the  deafferented  limb  to  take  food  or  in  defensive  or 
aggressive  behaviors. 

Nevertheless,  by  use  of  operant  techniques,  the  animal  can  be  trained 
to  perform  specific  tasks  with  the  limb,  and  it  has  been  shown  that  res- 
traint of  the  normal  upper  extremity  for  several  days  elicits  return  of 
function  of  the  deafferented  limb  which  persists  after  removal  of  the 
restraint. 

The  demonstration  that  recovery  of  function  of  a deafferented  limb 
can  be  induced  by  appropriate  experimental  intervention  has  challenged 
two  major  views  about  the  organization  of  the  nervous  system.  One  is  the 
view  that  control  of  movement  is  maintained  only  by  the  successive 
elicitation  of  reflexes.  The  second  view  is  that  conditioning  of  movement 
depends  upon  sensory  feedback  from  the  active  muscles  and  limbs.  The 
response  to  the  challenge  offered  by  the  demonstration  of  recovery  of 
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function  after  dorsal  rhizotomy  has  varied  from  insistence  that  the 
challenged  theories  are  true  and  therefore  some  residual  sensory  input 
from  the  limb  must  be  spared  by  dorsal  rhizotomy,  to  acceptance  of  the 
results  and  a new  emphasis  on  the  alternative  views  that  the  central 
nervous  system  plays  a dominant  role  in  the  organization  of  movement, 
and  that  successful  motor  programs  can  be  conditioned  in  the  absence  of 
sensory  feedback  from  the  active  muscles  and  limb. 

The  argument  that  recovery  of  function  after  dorsal  rhizotomy  de- 
pends upon  sparing  of  residual  sensory  inputs  has  recently  been  strength- 
ened by  reports  of  a large  number  of  unmyelinated  afferents  in  at  least 
some  lumbar  ventral  roots  in  the  cat,  and  that  at  least  5%  of  dorsal  root 
ganglion  cells  associated  with  myelinated  fibers  have  central  processes 
entering  the  spinal  cord  via  the  ventral  roots.  These  potential  sources 
of  sensory  information  would  be  spared  by  dorsal  rhizotomy  which  leaves 
the  dorsal  root  ganglion  intact.  In  spite  of  these  reports,  studies 
have  thus  far  failed  to  find  sensory  function  in  the  deafferented  limb. 

The  present  study  was  designed  to  determine  to  what  extent  the 
recovery  of  function  after  deafferentation  depends  upon  risidual  sensory 
inputs.  After  being  trained  to  flex  the  forearm  at  the  elbow  through  an 
angle  that  is  equal  to  about  one  half  the  full  excursion  allowed  in  the 
restraining  apparatus  used,  both  normal  and  deafferented  monkeys  are 
tested  by  requiring  them  to  perform  the  same  task  with  varying  masses 
attached  to  the  forearm  restraint.  Successful  performance  consists  of 
performing  at  least  the  criterion  flexion  and  is  rewarded  with  a small 
amount  of  liquid  nutrient.  The  criterion  flexion  raised  the  mass  against 
gravity  a distance  of  about  16.5  cm.  The  essential  strategy  of  the  ex- 
periment has  been  to  use  a task  which  yields  a sufficiently  high  rate  of 
reinforcement  to  maintain  repetitive  performance  throughout  an  hour  and 
a half  session.  The  variability  used  to  describe  lifts  are  acceleration 
velocity  and  position.  The  presence  or  absence  of  sensory  inputs  from 
the  responding  limb  should  be  reflected  in  the  degree  to  which  the 
performance  of  the  normal  and  deafferented  animals  tends  to  be  the  same 
or  different.  At  this  time,  three  normal  animals  and  one  unilaterally 
deafferented  animal  have  been  tested  on  a range  of  different  weight.  A 
second  deafferented  animal  has  been  prepared  and  is  currently  undergoing 
preliminary  testing  in  the  task  with  no  external  mass. 

When  the  load  was  different  in  each  session  both  the  normal  animals 
and  the  deafferented  animal  reached  a maximum  height  independent  of  the 
load.  The  rate  of  success  of  the  deafferented  animal  was  within  the  range 
achieved  by  the  three  normal  animals  and  was  also  independent  of  load. 
Furthermore,  the  deafferented  animal  lifted  the  unknown  load  to  the  cri- 
terion level  on  the  first  lift  of  the  session.  Measurement  of  accelera- 
tion revealed  that  the  early  part  of  the  lift  was  load  dependent  even 
though  the  final  height  was  load  independent.  At  the  lightest  load 
acceleration  rose  rapidly  to  a peak  whereas  at  heavy  loads  initial 
accleration  was  low  and  the  peak  of  the  lift  was  achieved  only  by  one  or 
more  discrete  increments  of  force  which  appear  as  discrete  and  abrupt 
changes  in  accleration.  On  the  first  lift  of  a session,  the  normal 
animals  rarely  reach  criterion  and  are  not  directly  comparable  to  the 
deafferented  animals  for  that  reason. 


"07 


When  the  animals  were  tested  by  changing  the  loads  within  in  session 
at  5 minute  intervals,  the  ability  of  the  deafferented  animal  Lo  compensate 
broke  down,  and  all  variables  describing  the  movement  showed  an  increased 
relationship  to  the  load,  including  the  per  cent  success.  In  contrast, 
although  in  these  trials  the  first  lifts  at  a new  load  of  the  normal 
animals  were  inversely  related  to  the  load,  within  a few  lifts  the 
normal  animals  showed  complete  compensation  on  all  variables. 

The  deafferented  animal  has  also  been  unable  to  avoid  the  consequences 
of  muscle  fatigue  induced  by  heavier  loads  when  the  load  is  varied  each 
day.  When  the  same  load  is  repeated  each  day,  all  animals  distribute  their 
responses  through  the  session  in  a pattern  of  runs  and  pauses.  Although 
normal  animals  change  this  pattern  when  the  load  is  changed,  the  deaffer- 
ented animal,  when  run  daily  with  the  heaviest  load  in  the  series,  required 
16  weeks  to  establish  a stable  pattern  of  response.  When  the  loads  were 
changed  daily,  the  variance  in  the  pattern  increased,  decreasing  again  to 
a stable  pattern  only  when  he  was  again  run  day  after  day  at  the  heaviest 
load. 

At  present  it  is  difficult  to  assess  the  role  of  proprioceptive  feed- 
back pathways  in  the  performance  of  une  normal  animals . Because  the  first 
lift  of  an  unknown  weight  is  load  dependent,  the  gain  in  feedback  pathways 
must  be  low.  Once  the  normal  animal  has  executed  a lift  we  must  assume 
he  has  the  information  required  to  either  generate  central  commands  ap- 
propriate for  the  load  or  to  appropriately  adjust  the  gain  in  proprio- 
ceptive feedback  pathways  or  both.  The  deafferented  animal  clearly  lacks 
proprioceptive  feedback  pathways  with  loop  delays  of  less  than  about  100 
msec  because  even  when  he  achieves  the  criterion  height  on  the  first  lift 
independent  of  load,  this  is  done  only  by  executing  discrete  corrections 
in  the  trajectory  at  intervals  longer  than  100  msec.  That  his  performance 
does  not  depend  upon  any  residual  sensory  inputs  is  indicated  by  his  in- 
ability to  achieve  independence  of  load  during  trials  of  5 minutes  when 
he  has  executed  30  to  100  lifts. 

These  results  further  indicate  that  normal  animals  receive  sensory 
information  related  to  the  relative  state  of  muscular  fatigue  and  that 
the  deafferented  animal  lacks  these  sensory  inputs.  The  distribution  of 
behavior  in  the  normal  animals  is  directly  related  to  the  load  in  a way 
that  allows  the  animals  to  avoid  a state  of  muscle  fatigue  which  would 
impair  performance.  On  the  other  hand,  the  deafferented  animal  requires 
experience  in  a number  of  sessions  to  develop  a pattern  of  response  which 
enables  him  to  avoid  load  dependent  errors.  It  is  not  entirely  clear 
what  contributes  to  the  acquisition  and  maintains  this  behavior  although 
the  density  of  reinforcement  clearly  plays  an  important  role  in  at  least 
the  initial  acquisition.  Observation  indicates  that  the  deafferented 
animal  works  at  rates  which  generate  heavy  breathing,  unlike  the  normal 
animals,  and  the  distribution  of  responding  may  be  related  to  respiratory 
factors . 

It  is  difficult  at  present  to  assess  to  what  degree  the  deafferented 
animal  regulates  the  variables  associated  with  an  individual  lift.  One 
difficulty  is  that  we  can  only  indirectly  infer  the  nature  of  the  command 
signals  from  observation  of  the  variable  describing  the  lift.  That  some 
degree  of  regulation  of  an  individual  lift  is  involved  can  be  concluded 


from  the  observation  of  discrete  corrections  observed  in  the  record  of 
acceleration  on  initial  lifts  but  not  observed  late  in  a session  when 
acceleration  has  become  independent  of  load.  Further  evidence  of  regu- 
lation is  indicated  by  analysis  of  data  which  indicate  that  the  time 
during  which  a net  upward  force  is  applied  to  the  load  is  inversely  re- 
lated to  acceleration.  Lifts  of  heavier  loads,  which  are  associated 
with  lower  initial  accelerations,  are  prolonged  with  the  consequence 
that  position,  the  second  integral  of  acceleration  is  less  dependent 
upon  load  than  the  initial  values  of  acceleration. 

A factor  which  may  contribute  to  the  appearance  of  regulation  is 
indicated  by  our  preliminary  recordings  of  electromyograms  of  the  major 
antagonists  of  the  elbow.  These  recordings  suggest  that  there  is  strong 
co-activation  of  the  two  antagonists,  biceps  and  triceps  at  the  start  of 
movement.  Coactivation  of  these  antagonists  would  increase  the  apparent 
mass  of  the  limb  and  reduce  the  relative  effect  of  external  test  loads 
on  the  variables  describing  the  movement.  Consequently,  coactivation  of 
the  antagonists  would  generate  the  appearance  of  compensation  without 
there  being  any  change  in  the  motoneuronal  activity  required  to  lift 
the  different  test  loads.  We  do  not  yet  have  recordings  from  the  muscles 
of  normal  animals  so  do  not  know  whether  coactivation  of  antagonists 
occurs  in  normal  animals. 

Related  studies.  A technique  for  selective  destruction  of  sensory 
components  of  the  trigeminal  nerve  in  rats  has  been  devei.oped,  and  the 
effects  of  such  surgery  on  feeding  and  drinking  behavior  observed.  Fol- 
lowing loss  of  oral-facial  input,  rats  remain  able  to  bite,  chew,  and 
swallow;  they  show  disturbances  in  coordination  and  exploratory  behavior, 
however,  and  are  unable  to  maintain  normal  body  weight,  the  degree  of 
deficit  being  roughly  related  to  the  extent  of  deafferentation.  Some 
recovery  of  function  has  been  observed,  but  only  after  periods  of  many 
weeks . 

SINGLE-NEURON  RECORDINGS  OF  CAT  SOMATIC  MOTOR  CORTEX.  Single-neuron 
recordings  in  cat  somatic  motor  cortex  have  shown  a well-defined  neuron 
population  sensitive  to  stimulation  of  the  splanchnic  nerves  in  the  ab- 
domen; the  cells  in  question  are  believed  closely  related  to  control  of 
somatic  muscles.  These  results  suggest  sin  intimate  relation,  in  identi- 
fiable brain  cells,  between  visceral  sensation  (particularly  concerning 
the  cardiovascular  system)  and  the  'voluntary'  movement  control  system. 

Additional  single-neuron  study  of  cat  somatic  motor  cortex  has  re- 
vealed a significant,  new,  type  of  neuron:  a cell  which  appears  to 
receive  potent  inhibition  following  skin  stimuli  sufficiently  intense 
to  be  painful;  these  cortical  neurons  are  also  believed  closely  related 
to  control  of  somatic  muscles.  The  results  suggest  the  existence  of  a 
cellular  mechanism  by  which  'voluntary'  or  'exploratory'  movements  might 
be  temporarily  slowed  or  stopped  by  painful  stimuli. 

ANATOMICAL  STUDIES  OF  SPINAL  PATHWAYS . 

The  origin  of  spinocerebellar  pathways.  The  origin  of  spinocerebellar 
pathways  was  studied  experimentally  in  neonatal  dogs  and  in  rhesus  monkeys. 
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Cerebellar  projecting  neurons  were  found  in  all  regions  of  the  spinal  cord 
and  included  the  nucleus  cervicalis  centralis,  nucleus  centrobasalis , 
n.  dorsalis,  n.  pericornualis  ventralis,  and  additional  cell  groups  in 
the  sacrococcygeal  segments  of  the  spinal  cord  (Petras  and  Cummings,  1975; 
Cummings  and  Petras , 1977 ; Petras  and  Cummings , 1977 ; Petras , 1977 ) . 

The  data  suggests  that:  (l)  the  central  cervical  nucleus  is  an  important 
proprioceptive  cell  group  for  neck  afferents;  (2)  the  large  centrobasilar 
neurons  are  the  cells  of  origin  for  the  rostro  spinocerebellar  tract  of 
Oscarsson  and  Uddenberg  (1964);  (3)  that  the  n.  pericornualis  ventralis 
neurons  project  axons  to  the  ventro  spinocerebellar  tract;  and  (4)  that 
the  giant  and  medium-sized  cells  of  Clarke's  column  (the  nucleus  dorsalis) 
contribute  to  the  formation  of  the  dorsal  spinocerebellar  tract. 

An  intraspinal  sympathetic  preganglionic  pathway ; anatomic  evidence 
in  the  dog.  Horseradish  peroxidase  was  injected  into  thoracic  and  lumbar 
paravertebral  sympathetic  ganglia  which  have  been  isolated  from  the  sym- 
pathetic chain  but  whose  rami  communicantes  have  been  preserved.  Labeled 
reaction  product  was  found  many  segments  rostral  and  caudal  to  the  level 
of  injection,  indicating  the  existence  of  an  intraspinal  sympathetic 
preganglionic  pathway.  Following  thoracic  ganglia  injections  labeled 
neurons  were  found  only  ipsilaterally,  whereas  after  lumbar  ganglia  in- 
jections labeled  cells  were  noted  bilaterally;  these  findings  indicate 
the  existance  of  both  an  ipsilaterally  and  contralaterally  projecting 
intraspinal  sympathetic  preganglionic  pathway. 
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23.  (U)  To  examine  neurochemical  mechanisms  regulating  neuroendocrine  responses  in- 

volved in  adaptation  to  stress,  providing  database  for  interpretation  of  military  field 
studies  and  recommendations  for  prevention  and/or  treatment  of  breakdown  in  soldiers. 

To  examine  neurochemical  mechanisms  mediating  sequelae  to  penetrating  cerebral  injury, 
providing  recommendations  for  treatment  of  soldiers. 


2k.  (U)  Analysis  of  role  of  neurotransmitter  pathways  in  regulation  of  hormonal 

response  to  stress.  Effect  of  stimulation  or  lesion  of  specific  pathways  (i.e., 
noradrenergic,  dopaminergic,  serotonergic).  Effect  of  stress  or  centrally-acting 
hormones  on  cyclic  nucleotides  and  neurotransmitters  in  specific  brain  regions.  In- 
vivo  determination  permitted  by  use  of  microwave  enzyme  inactivation  system  designed  in 
this  laboratory.  Effect  of  penetrating  cerebral  injury  on  regional  neurochemistry 
(i.e.,  cyclic  nucleotides,  gamma  aminobutyric  acid,  glutamic  acid,  acetylcholine,  amino 
acids,  norepinephrine,  dopamine  and  serotonin)  and  on  seizure  threshold. 

25*  (U)  76  10  - 77  09  Neurochemical  responses  have  been  measured  simultaneously 

during  exposure  to  a variety  of  stressful  conditions,  and  both  types  of  response  vary 
according  to  type  of  stressor.  Cold  stress  elevates  cyclic  guanosine  3' 5'  monophosphati 
(cGMP)  in  9 out  of  18  brain  regions  examined.  Most  marked  elevations  were  seen  in 
cerebellum,  brainstem  and  midbrain.  These  elevations  were  not  affected  by  depletion  of 
the  noradrenergic  projections  from  the  locus  coeruleus,  and  cold  stress  fails  to  alter 
the  release  of  endogenous  norepinephrine.  In  contrast  to  cold  stress,  immobilization, 
although  a potent  stressor,  fails  to  elevate  cGMP.  For  technical  report  see  Walter 
Reed  Army  Institute  of  Research  Annual  Progress  Report,  1 Jul  76  - 30  Sep  77. 


i ymIImNm  to  conlrmclort 


”13 


Project  3M161102BS01  RESEARCH  ON  MILITARY  DISEASE 


Work  Unit  128  Mechanism  of  Response  to  Military  Stress 
Investigators . 

Principal:  James  L.  Meyerhoff,  M.D. 

Associate:  Robert  H.  Lenox,  M.D. , MAJ,  MC;  Gregory  L.  Belenky,  M.D., 
MAJ,  MC;  G.  J.  Kant,  Ph.D;  E.H.  Mougey,  M.S;  D.R.  Collins, 
B.S.,  L.L.  Pennington,  B.S. 

I . Mechanism  of  Neuroendocrine  Response  to  Stress 

In  order  to  study  neurochemical  mechanisms  determining  adaptive 
hormonal  response  to  environmental  stress , we  have  successfully  developed 
new  models.  It  is  well  established  that  stress  causes  elevations  in  plasma 
corticosterone  (l-5)  and  prolactin  (5)  while  lowering  plasma  growth  hormone 
(3,U).  Corticosterone  levels  following  stress  vary  with  time  of  day,  re- 
flecting the  circadian  rhythm  in  testing  levels  (2).  It  has  been  demon- 
strated that  habituation  occurs  to  the  corticosterone  response  induced  by 
handling  (3,U).  Stress  is  reported  to  activate  central  noradrenergic  (NE), 
dopaminergic  (DA,  and  serotonergic  (5HT)  neurons  (6-12).  It  has  been 
recently  reported  that  cold  stress  elevates  cerebellar  cyclic  GMP  in  rats 
(13)  and  mice  (l4).  Cyclic  nucleotides  are  known  to  activate  protein 
kinases.  Rodknight  (15)  notes  a possible  stress  component  in  brain  pro- 
tein kinase  activity.  Increases  in  cAMP  levels  in  brain  tissues  have  been 
demonstrated  following  exposure  to  NE,  DA  or  5HT  in  vitro  (l6,17)  and  to 
NE  (but  only  minimally  to  DA)  in  vivo  (l8). 

The  foregoing  has  led  us  to  predict  that  psychological  stressors  will 
elevate  cGMP  and/or  cAMP.  An  ACTH  fragment  reportedly  lowers  brain  GABA 

(19) .  As  ACTH  is  released  in  stress  and  GABA  administration  lowers  cGMP 

(20) ,  it  would  seem  highly  desirable  to  study  the  effects  of  stress  (as 
well  as  ACTH  and  other  peptides)  on  brain  cGMP  and  GABA,  as  well  as  norepi- 
nephrine and  cAMP.  A method  has  been  established  in  our  laboratory  which 
permits  assay  of  gamma-aminobutyric  acid  (GABA),  glutamic  acid  (GLU), 
cyclic  adenosine  3 ’ 5 ’ monophosphate  (cAMP),  cyclic  guanosine  3 ' 5 ' mono- 
phosphate (cGMP)  and  norepinephrine  in  the  same  sample  of  brain  tissue 
after  microwave  inactivation  of  enzymes,  thereby  increasing  the  amount  of 
information  obtainable  from  a single  experiment.  The  assays  employed  are 
the  radioimmunoassay  of  Steiner  for  cyclic  nucleotides  (21,22)  and  the 
enzymatic  method  of  Graham  and  Aprison  for  GABA  and  GLU  (23).  To  ensure 
optimal  support  of  the  stress  studies,  we  have  modified  assay  procedures 

to  increase  the  sensitivity  of  our  assay  system  by  acetylating  our  samples 
as  described  by  Harper  and  Brooker  (J.  of  Cyclic  Nucleotide  Research 
1:207-218,  1975).  This  has  increased  our  sensitivity  into  the  femtomole 
range.  It  is  thought  that  cGMP  is  responsive  to  cholinergic  transmission 
(2U,27)  and  under  various  conditions,  brain  tissue  cAMP  is  stimulated  by 
norepinephrine,  dopamine,  serotonin  and  histamine  (25-27).  Further 
studies  in  our  laboratory  have  demonstrated  that  the  technique  of  using 
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high-intensity  microwave  irradiation  for  enzyme  inactivation  is  indis- 
pensable for  determining  levels  of  cAMP,  cGMP  and  GABA  in  brain  regions 
(28,29).  The  elimination  of  artifact  has  permitted  accurate  assessment 
of  levels  of  these  substances  in  the  regions  studied.  In  addition,  for 
many  of  the  regions,  the  work  is  unique  in  that  levels  have  never  pre- 
viously been  reported. 

A new  area  of  critical  importance  to  understanding  the  effects  of 
stress  on  emotional  breakdown  is  being  opened  up  by  studies  indicating 
direct  effects  of  steroid  and  peptide  hormones  on  brain.  Corticosteroids 
bind  preferentially  to  specific  regions  in  brain,  notably  brainstem  and 
hippocampus  (30,32).  The  binding  is  both  to  cytosol  and  to  nuclei  and  is 
influenced  by  level  of  circulating  corticoids  (30).  Corticosterone  ad- 
ministration causes  a marked  increase  in  the  activity  of  tryptophan 
hydroxylase  (the  enzyme  that  synthesizes  serotonin)  in  midbrain  (32). 

These  observations  have  led  to  speculation  that  the  serotonin  neurons 
which  project  from  the  raphe  cells  to  the  hippocampus  (33,3*0  might 
mediate  the  feedback  inhibitory  effect  of  glucocorticoids  on  the  pituitary- 
adrenal  axis.  There  is  controversy  over  whether  or  not  glucocorticoids 
depress  the  single  unit  firing  from  raphe  cells  (35,36).  An  increase  in 
hippocampal  theta  is  reported  to  occur  1 hr  following  glucocorticoid  ad- 
ministration (37).  Raphe  stimulation,  which  releases  5HT  (38),  blocks 
habituation  to  auditory  startle  response  (39).  In  one  study  of  glial 
tumor  cells  in  culture,  glucocorticoids  doubled  the  cAMP  response  to  NE 
but  at  least  a 20  hr  exposure  to  the  glucocorticoids  was  required  for 
minimal  effect  (Uo).  From  the  above  observation,  it  appears  likely  that 
the  direct  effect  of  glucocorticoids  on  brain  is  more  related  to  chronic, 
rather  than  acute  effects  of  stress. 

It  has  been  reported  (31)  that  adrenal  cortical  hormones  facilitate 
the  activity  of  brain  adenylate  cyclase  iri  vitro.  Activity  is  decreased 
following  adrenalectomy  and  this  decrease  is  reversed  by  maintenance  with 
dexamethasone  or  aldosterone.  Activity  is  also  decreased  by  hypophy- 
sectomy  and  this  decrease  is  reversed  by  either  ACTH  or  dexamethasone. 
Manipulations  which  affect  adenylate  cyclase  activity  in  vitro  are  very 
dependent  on  specifics  of  tissue  preparation  and  may  not  alter  cAMP 
levels  in  vivo.  Hence  the  effect  of  endocrine  manipulations  on  cAMP 
levels  must  be  studied  in  vivo.  We  propose  to  carry  out  such  studies 
and  to  study  the  effect  of  endocrine  manipulations  on  the  cold-induced 
elevation  of  cGMP  as  well. 

We  wished  to  examine  the  generality  of  the  observed  cGMP  elevations 
following  exposure  to  cold.  Since  immobilization  is  a potent  stressor 
(42),  we  compared  the  responses  of  brain  cGMP  and  plasma  hormones  to 
immobilization  or  cold  exposure.  Male  albino  rats,  WRC  strain,  weighing 
between  250-300  gm,  were  maintained  in  a light-cycled  chamber  and  habi- 
tuated to  both  handling  and  placement  into  a plexiglass  cylinder  twice 
a day  for  1 week.  On  the  day  of  sacrifice,  animals  were  placed  into  one 
of  three  groups.  The  first  group  was  placed  in  the  plexiglass  holder  and 
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immediately  sacrificed  by  a high  power  microwave  irradiation  system, 
modified  in  our  laboratory  (k3) . The  second  group  was  immobilized  for 
5 minutes  in  the  plexiglass  holder,  before  irradiation.  The  third  group 
was  exposed  to  cold  [h  C,  with  fur  wetted)  for  5 minutes  and  then  ir- 
radiated. Immediately  following  exposure  to  the  microwave  irradiation, 
animals  were  decapitated  and  blood  was  collected  'n  heparinized  containers. 
Levels  of  cGMP  in  specific  brain  regions  were  si  ficantly  elevated  only 
in  animals  exposed  to  cold  stress.  The  cGMP  increase  in  cerebellum  was 
approximately  3 fold  with  significant  increases  also  noted  in  9 other 
regions.  Cyclic  AMP  (cAMP)  levels  throughout  the  l6  regions  of  brain 
examined  showed  no  significant  response  to  either  of  the  stressors.  In 
the  pituitary,  the  level  of  cGMP  was  elevated  in  animals  exposed  to  cold 
stress,  while  the  cAMP  level  tended  to  increase  only  in  the  immobilized 
group.  In  the  regions  noted,  the  cGMP  response  to  cold  exposure  was  not 
affected  by  bilateral  lesions  of  the  locus  coeruleus.  Plasma  prolactin 
levels  were  elevated  over  10  fold  in  the  immobilized  group,  while  only 
rising  2 fold,  in  the  cold  stress  group.  Levels  of  corticosterone  were 
significantly  increased  while  growth  hormone  levels  tended  to  decrease 
in  both  the  immobilized  and  cold  stress  groups.  It  would  appear  from 
our  data  that  regional  brain  cGMP  and  plasma  prolactin  respond  differen- 
tially to  2 stressors  while  plasma  corticosterone  and  growth  hormone 
respond  less  specifically.  The  specifics  of  the  stressful  stimuli  may 
be  crucial  in  determining  the  nature  of  the  neurochemical  and  hormonal 
response  to  stress  in  the  rat.  It  has  been  previously  observed  that  the 
hormonal  response  to  stress  varies  depending  upon  the  nature  of  the 
specific  stressful  stimulus  (Ll).  Our  data  extend  this  observation  in  a 
different  model  and  demonstrate  specificity  in  a neurochemical  response 
for  the  first  time.  Future  work  will  include  examination  of  sex 
differences  in  neurochemical  and  hormonal  responses  to  stress,  as  well 
as  neurochemical  mechanisms  involved  in  habituation  to  chronic  exposure 
to  stress. 

Because  many  of  our  neurochemical  studies  require  the  use  of  high- 
intensity  microwave  irradiation  to  accomplish  enzyme  inactivation,  we 
have  continued  to  initiate  improvements  in,  and  document  limitations  of, 
the  microwave  technology.  Modifications  of  our  present  microwave  power 
source,  Varian  PPS-2.5,  introducing  electronic  circuitry  to  precisely 
control  power  delivered  to  the  animal  as  well  as  exposure  duration,  have 
been  completed  by  Peter  Brown  in  the  Department  of  Microwave  Research  and 
are  presently  in  operation.  Studies  have  continued  in  conjunction  with 
Dr.  0m  Gandhi  and  Department  of  Microwave  Research  to  develop  an  appro- 
priate waveguide  applicator  to  achieve  more  uniform  enzyme  inactivation 
in  the  brain.  In  collaboration  with  Dr.  Gandhi  we  have  produced  and 
tested  a waveguide  applicator  suitable  for  high  energy  exposures  at  985 
MHz.  We  have  tested  the  uniformity  of  inactivation  using  the  histo- 
chemical  technique  for  succinic  dehydrogenase  activity  (4L).  While  the 
pattern  of  energy  absorption  at  2k^0  MHz  is  extremely  sensitive  to 
rotation  of  the  load,  the  pattern  of  absorption  at  985  MHz  is  remarkably 
independent  of  rotation.  We  are  grateful  to  Dr.  Larsen,  Chief,  Depart- 
ment of  Microwave  Research  for  the  suggestion  that  we  investigate  the 
effects  of  simultaneous  exposure  to  two  frequencies.  This  innovation 


is  being  explored  collaboratively . 


There  is  ample  evidence  that  stress  releases  catecholamines  from  the 
adrenal  medulla  and  by  some  indications,  from  brain  neurons  as  well 
(6-12,  42).  Although  neuronal  firing  rates  are  one  determinant  of  re- 
lease (45),  local  presynaptic  receptors  are  reported  to  influence 
releasability  of  brain  NE  (46).  The  latter  work  was  done  with  exogenous , 
labelled  NE.  Such  a model  could  prove  misleading  in  that  numerous  storage 
compartments  may  be  labelled,  and  therefore,  specificity  limited.  Our 
laboratory  has  developed  the  first  in-vitro  model  of  release  of  endogenous 
NE  from  brain  tissue  (47).  This  advance  permits  us  to  examine  the  effects 
of  acute  and  chronic  stress  or  injury  on  pre-synaptic  modulation  of  trans- 
mitter release.  Such  studies  would  not  have  been  feasible  without  the 
development  of  our  in-vitro  model.  We  have  previously  measured  the  re- 
lease of  NE  iri  vitro  from  hypothalamus,  a region  with  a high  NE  concentra- 
tion, in  response  to  depolarizing  concentrations  of  KC1,  (47).  We  also 
reported  that  DA  was  released  from  striatum,  a region  rich  in  DA,  after 
incubation  with  KC1  (48).  We  have  now  extended  our  investigation  to 
other  regions  of  rat  brain  that  have  much  lower  catecholamine  levels. 

We  find  detectable  release  of  NE  and  DA  in  response  to  KC1  in  many 
regions  of  brain.  The  release  of  NE  and  DA  in  response  to  KC1  stimu- 
lation was  examined  in  6 regions:  cortex,  hippocampus,  hypothalamus, 
striatum,  combined  accumbens-olfactory  tubercle,  and  substantia  nigra. 

NE  release  in  response  to  KC1  was  detectable  in  all  regions  except 
striatum.  Amounts  released  after  KC1  (expressed  as  % control)  were 
cortex  (313$),  hippocampus  (227%),  hypothalamus  (225%),  accumbens- 
tubercle  (278%),  s. nigra  (155%).  KC1  stimulated  release  of  DA  was 
detected  in  3 regions:  striatum  (4l4%),  accumbens-tubercle  (282%),  and 
hypothalamus  (312%).  DA  was  measurable  in  filtrates  from  the  s. nigra 
but  levels  from  control  and  KC1  stimulated  samples  were  equal.  DA 
release  was  not  detectable  from  cortex  or  hippocampus. 

II . Neurochemical  Sequelae  to  Penetrating  Cerebral  Injury 

Post  traumatic  epilepsy  (PTE)  is  a chronic,  disabling  complication 
of  penetrating  missile  injuries  of  the  brain.  Such  injuries  are  most 
commonly  produced  under  conditions  of  warfare  and  produce  PTE  in  more 
than  40%  of  soldiers  so  injured  (49,50).  PTE  is  much  less  frequent  fol- 
lowing closed  head  injuries  typical  of  civilian  accidents  (49,51).  High 
risk  of  PTE  is  associated  with  depth  of  injury,  hypesthesia,  coma, 
presence  of  non-viable  cerebral  tissue,  parietal  location  of  injury, 
occurrence  of  a torn  dura  and  occurrence  of  infection  (49,50,51).  Despite 
advances  in  pharmacotherapy  of  seizures  and  significant  reduction  of 
incidence  of  infection  since  WW  I,  the  incidence  of  PTE  was  only  slightly 
reduced  in  the  Korean  War  (52).  The  frequent  observation  of  an  "incubation 
period"  of  several  months  between  the  causative  trauma  and  the  first 
seizure  suggests  an  opportunity  to  develop  prophylactic  treatment  to 
prevent  PTE  and  chronic  disability. 
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Studies  directed  at  the  PTE  problem  have  been  initiated  in  our  lab- 
oratory. A collaborative  study  with  Dr.  Barry  Hoffer  at  NIMH  has  yielded 
preliminary  data  suggestive  of  a correlation  between  induced  seizures  in 
hippocampal  tissue  and  elevated  levels  of  cGMP.  Additional  studies  on 
the  neurochemical  sequelae  of  cerebral  injury  examined  the  hyperdipsia- 
urinary  destruction  syndrome  observed  following  dysfunction  of  the  locus 
coeruleus  (LC)  (53).  Although  our  lesions  produced  histological  evidence 
of  destruction  of  the  LC  and  greater  than  80%  depletion  of  cortical  NE, 
only  25$  of  subjects  developed  hyperdipsia  and  urinary  dysfunction.  This 
suggests  that  the  syndrome  is  not  caused  by  NE  insufficiency  and  may  be 
caused  by  destruction  of  a brain  area  near  the  LC  rather  than  destruction 
of  the  LC  itself. 
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1.  Neutralization  inhibitions  using  gi 
membranes  of  Trypanosoma  rhodesiense. 


rcoprotein  extract  of  surface 


Trypanosomes  persist  in  the  blood  of  infected  animals  even  though 
neutralization  reactions  show  that  there  are  protective  antibodies  in 
the  serum.  According  to  Cross,  structural  changes  in  the  glycoproteins 
of  the  parasite's  cell  membrane  produce  antiger.ically  different  cells 
which  are  not  destroyed  by  the  host.  Gore,  et  al  showed  that  glyco- 
protein extracts  of  cell  membranes  could  induce  a strain  and  variant 
immunity  when  injected  into  mice. 

This  study  investigated  the  strain  and  variant  specificity  of 
extracted  glycoproteins  of  cell  membranes  of  Trypanosoma  rhodesiense 
(EATRO  1386)  by  inhibiting  the  ability  of  immune  sera  to  protect  mice. 

Sera  for  this  study  were  obtained  from  chimpanzees  infected  with 
T.  rhodesiense  EATRO  1886  and  Wellcome  strains  and  were  stored  at  -20 j> 
until  used.  Albino  ICR  mice  (Walter  Reed  strain)  were  used  to  test 
neutralization  reactions . 


Glycoproteins  were  obtained  as  follows:  Trypanosomes  were  extracted 
for  16-20  hours  at  4°  in  3M  KC1.  This  parasite  extraction  mixture  was 
centrifuged  for  2 hours,  the  supernatant  was  recovered  and  diluted  15 
volumes  with  distilled  water  and  concentrated  by  negative  pressure 
dialysis.  After  concentration  it  was  separated  by  column  chromatography 
using  G-200  Sephadex  and  subsequent  sucrose  gradient  electrophoresis. 

Neutralization  reactions  were  performed  essentially  as  described  by 
Soltys  and  modified  for  inhibition  studies  as  described  below.  Varying 
dilutions  of  serum  from  infected  chimpanzees  were  made  in  Medium  199 
containing  2$>  fetal  calf  serum  (serially  diluted  1:10-1:80  and  0.3  ml  were 
placed  in  test  tubes . Into  each  tube  one  milliliter  of  viable  trypano- 
somes were  added  containing  lo3/ml.  The  tubes  were  mixed  well  by  shaking 
and  allowed  to  stand  at  room  temperature  for  30  min.,  after  which  0.25  ml 
of  the  serum-parasite  mixture  was  injected  intraperitoneally  into  mice. 

The  mice  were  observed  for  21  days  for  survivors.  The  control  mice  using 
sera  of  noninfected  chimpanzees  died  of  trypanosomiasis  by  day  seven. 


25 


Neutralization  inhibition  studies  were 
to  exposing  viable  trypanosomes  to  the 
a given  amount  of  glycoprotein  extract 
37°C. 


done  as  above  except  that  prior 
diluted  sera,  it  was  absorbed  by 
for  a period  of  two  hours  at 


The  neutralization  inhibition  reactions  were  optimized  by  absorbing 
the  sera  under  the  following  conditions:  l)  varying  the  amount  of  glyco- 
protein extract,  2)  varying  the  time  and  temperature,  and  3)  varying  the 
serum  dilution.  It  was  determined  that  0.3  ml  of  a serum  dilution  of 
1:20  absorbed  with  3*28ug  of  glycoprotein  extract  at  37°C  for  two  hours 
was  optimal.  All  further  tests  were  done  under  these  conditions. 


TABLE  I 

EFFECTS  OF  TIME  AND  TEMPERATURE  ON  THE  EFFICIENCY 
OF  SPECIFIC  ANTIBODY  ABSORPTION  AS  SHOWN  BY  MOUSE 
SURVIVAL  IN  THE  TRYPANOSOMAL  NEUTRALIZATION  TEST 

i Time  of  Absorption  (Hours) 
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The 

soluble 

antigen 

fluorescent 

antibody  (SAFA) 

test  was 

as  described  by  Sadun  and  Gore  using  the  Turner  fluorometer  to  give 
objective  end  point  titer  determinations . 

The  effect  of  time  and  temperature  on  the  efficiency  of  specific 
protective  antibody  absorption  of  serum  from  infected  chimpanzees  is 
shown  in  Table  I,  by  the  mouse  survival  rate  in  the  trypanosomal  neutra- 
lization reaction.  Two  hours  of  absorption  at  37°  was  selected  as  optimal 
for  our  study  although  other  times  and/or  temperatures  could  have  been 
used. 


To  determine  the  optimal  amount  of  glycoprotein  extract  to  use  in 
this  study,  a volume  of  0.3  ml  of  a 1:20  serum  dilution  was  absorbed  with 
varying  amounts  of  the  glycoprotein  extract.  It  can  be  readily  seen  in 
Table  II  that  3.28  ug/0.3  ml  of  1:20  dilution  of  serum  was  effective  in 
reducing  the  survivors  to  zero.  This  shows  that  21.0  ug  of  glycoprotein 
extract  could  remove  all  of  the  protective  antibody  in  1 ml  of  immune 
serum. 


Strain  specificity  was  demonstrated  using  serum  collected  early  and 
late  during  the  course  of  the  infection  from  two  chimpanzees.  Table  III 
shows  the  effect  of  diluting  the  serum  on  survival  in  the  neutralization 
test.  However,  it  is  abundantly  clear  that  homologous  glycoprotein 
extract  mediates  the  protection  as  shown  by  neutralization  inhibition  as 
opposed  to  no  inhibition  by  the  heterologous  glycoprotein  extract. 


TABLE  II 

THE  EFFECT  OF  ABSORBING  SERUM  FROM  A CHIMPANZEE  INFECTED 
WITH  T.  RHODESIENSE  WITH  VARYING  AMOUNTS  OF  GLYCOPROTEIN 
ANTIGENS  ON  THE  NEUTRALIZATION  OF  TRYPANOSOMES 


fig  of  Antigen/0.3  ml  Dil  Serum 

Number  of  Mice  Surviving 
(Groups  of  5) 

Normal  Serum 

0.0 

0 

1.64 

0 

Immune  Serum  4.1 

0 

3.28 

0 

2.46 

1 

1.64 

1 

0.82 

5 

0.42 

5 

0.0 

5 

Sera  collected  from  four  chimpanzees  at  definite  intervals  were  tested 
and  the  results  compared  for  variant  specificity.  In  Table  IV  the  inhibi- 
tion results  for  each  chimpanzee's  sera  differs  in  survival  rates  at 
different  times  during  the  infection.  However,  the  protection  was  again 
removed  after  20-32  weeks  of  the  infection  in  all  animals  tested.  Sera 
which  had  retained  their  protective  ability  after  absorption  under  standard 
conditions  were  exhaustively  absorbed  with  increasing  amounts  of  glyco- 
protein. The  ability  to  protect  mice  was  retained  after  21  days. 


HOMOLOGOUS  AND  HETEROLOGOUS  GLYCOPROTEIN  ANTIGEN  ABSORPTION  OF  SERA  FRCM 


1:100 


TABLE  IV 


COMPARISON  OF  RESULTSOF  NEUTRALIZATION  AND  NEUTRALIZATION 
INHIBITION  USING  SERUM  FROM  CHIMPANZEES  INFECTED  WITH 
T.  RHODESIENSE  STRAIN  (EATRO  1886) 
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The  antigen  variants  can  be  easily  demonstrated  by  the  differing 
antibody  populations  produced  by  the  mammalian  hosts  as  shown  by  Soltys, 
Russell  and  Leupold.  Although  the  biological  mechanism  is  not  clearly 
defined,  it  was  postulated  early  that  the  antigens  expressed  were  located 
in  the  cell  membrane,  and  different  populations  of  trypanosomes  could  be 
detected  by  serological  test.  Evidence  confirming  this  was  presented 
by  Fruit,  et  al  and  Viekennan  and  Luckens  when  labeled  anti- variant  anti- 
body reacted  with  the  surface  membrane  of  bloodstream  trypanosomes. 

Recently  Cross  followed  by  Gore,  et  al  extracted  and  purified  a glyco- 
protein from  the  surface  coat  of  blood  from  trypanosomes  which  reacts 
in  serological  tests  and  induces  an  immunity  specific  for  the  same 
parasites . 

Using  the  membrane  glycoprotein  as  extracted  by  Gore,  et  al  from 
T.  rhodesiense  strains  EATRO  1886  and  Wellcome,  the  protection  given  by 
sera  from  chimpanzees  infected  with  these  strains  could  be  completely 
removed.  This  was  effectively  done  by  absorbing  the  sera  from  infected 
chimpanzees  with  the  glycoprotein  extract  and  using  the  sera  in  the 
trypanosoma  neutralization  test  of  Soltys. 

Evidence  supporting  strain  specificity  was  obtained  when  the  result 
of  neutralization  study  on  sera  from  chimpanzees  infected  with  Wellcome 
strain  was  absorbed  with  EATRO  1886  strain  and  vice  versa,  namely  all  of 
the  mice  in  the  cross  absorption  study  survived  suggesting  that  a glyco- 
protein of  heterologous  origin  would  not  react  with  and  remove  the  pro- 
tective antibody.  However,  when  absorbed  with  the  homologous  antigen 
protective  antibody  was  removed,  therefore,  the  mice  died  of  trypanoso- 
miasis . 

Variant  specificity  of  the  extracted  glycoprotein  was  demonstrated 
in  the  serially  collected  sera  of  four  chimpanzees  infected  with  T. 
rhodesiense  strain  EATRO  1886 . In  the  sera  which  retained  its  protective 
antibody  exhaustive  absorption  with  glycoprotein  of  EATRO  1886  did  not 
remove  the  protection  from  the  sera. 

The  difficulty  of  producing  an  immunogen  capable  of  invoking  a pro- 
tective immunity  is  becoming  painfully  clear.  There  are  antigenic 
differences  in  strains  of  T.  rhodesiense,  and  these  strains  show  differ- 
ences in  each  variant  parasite  populations  with  changes  in  amino  acid 
sequences  and  carbohydrate  structures  of  the  glycoprotein  molecule  in 
the  surface  of  the  parasite  membrane.  The  number  of  possible  variants 
due  to  glycoprotein  structural  differences  are  expcnentrally  staggering. 
However,  it  is  surprising  and  evealing  to  learn  that  the  ability  of  the 
homologous  glycoprotein  of  T.  rhodesiense  EATRO  1886  stabalide  to  again 
remove  the  protection  in  the  serum  obtained  late  in  the  course  of  the 
infection.  This  suggests  that  these  exist  as  basic  antigenic  type  coded 
into  each  strain  of  parasites.  This  basic  antigenic  type  may  be  geographi- 
cally circumscribed.  This  may  permit  the  production  of  a vaccine  for  the 
indigents  of  that  area.  Further  it  can  be  postulated  that  different  strains 
may  be  antigenically  equivalent  at  some  point  of  variant  population 
regardless  of  glycoprotein  structural  complexities. 


Four  chimpanzees  inoculated,  intravenously  with  2000  Trypanosoma 
rhodesiense  trypomastigotes  (EATRO  1886)  developed  an  anemia  as  early  as 
7 days  after  infection  (Figure  1).  Parasitemia  had  reached  a peak 
(>30,000/cmm)  by  day  ten  (Figure  2)  at  which  time  specific  antibodies 
were  detected  by  the  soluble  antigen  fluorescent  antibody  test  (Figure  3). 
The  hematocrit  and  hemoglobin  (Figure  l)  had  dropped  as  much  as  11%  and 
1 % of  preinfection  values  by  day  10  and  as  much  as  30 % and  25$>  respec- 
tively 19  days  after  infection. 

Agglutination  of  erythrocytes  (RBC's)  from  uninfected  or  infected 
chimpanzees  by  peanut  lectin  was  studied;  whereas  RBC's  of  uninfected 
chimpanzees  did  not  agglutinate,  those  from  all  infected  chimpanzees  were 
agglutinated  early  in  the  infection.  Furthermore,  RBC's  exposed  to 
sonicates  of  trypanosomes  in  vitro  were  also  agglutinated  by  the  lectin. 

All  of  these  reactions  were  inhibited  by  lactose.  Others  have  shown  that 
antibodies  (T-agglutinins)  to  the  RBC  receptor  involved  in  this  reaction 
exist  in  the  sera  of  most  vertebrates;  these  antibodies  can  be  detected 
by  their  ability  to  agglutinate  RBC's  treated  with  neuraminidase  (N'ase). 
Accordingly,  we  studied  the  agglutination  of  N'ase  treated  RBC's  by 
chimpanzee  serum  collected  during  the  course  of  the  infection  (Figure  4). 
Agglutinating  antibody  titers  were  present  prior  to  infection;  rose  rapidly 
to  a peak  at  about  day  20,  and  remained  elevated  thereafter.  Positive 
indirect  Coombs  activity  was  detected  on  days  10,  14,  20  and  40  of  the 
infection  (Figure  5)- 

Complement  depletion  occurred  during  the  infection;  there  was  an 
average  30 % drop  in  CH50  titers  by  day  50  of  the  infection  (Figure  5); 
two  animals  were  transiently  completely  acomplementemic . Antibody  titers 
to  C3/44  ( immunoconglutinins ) increased  from  the  preinfection  level  of 
1:100  to  1:6400  by  day  35  of  the  infection  (Figure  5)*  Liver  and  spleen 
biopsies  revealed  binding  of  RBC's  to  hepatic  macrophages  (Kupffer  cells) 
and  extens ive  erythrophagocytosis  by  splenic  macrophages . 

These  data  suggest  a number  of  intriguing  explanations.  Agglutin- 
ability  of  erythrocytes  from  infected  animals  and  RBC's  treated  with  N'ase 
in  vitro  suggests  that  trypanosomes  may  be  able  to  expose  a RBC  receptor 
during  infection  in  a manner  analogous  to  N'ase  treatment.  Such  altered 
RBC's  would  then  react  to  the  naturally  occurring  serum  antibody  to  the 
peanut  lectin  receptor  and  fix  complement  forming  immune  complexes. 
Trypanosome  antigen-antibody  complexes  may  also  bind  to  erythrocytes 
resulting  in  complement  fixation.  Such  sensitized  RBC's  may  bfe  much  more 
susceptible  to  adherence  to  macrophages  via  Fc  and  C3b  receptors  which 
would  then  result  in  removal  of  the  RBC  from  the  circulation.  Further, 
this  process  could  be  modulated  through  the  depletion  of  complement 
components  by  reaction  with  immunoconglutinins . A number  of  variations 
on  these  hypotheses  are  obviously  also  consistent  with  these  data.  Most 
of  these  interpretations,  however,  involve  the  implication  of  immune 
complexes  in  the  etiology  of  the  anemia. 
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Figure  4.  Serum  T-agglutinin  titers  and  indirect  Coombs 
of  chimpanzee  RBC's  treated  with  N'ase. 


Figure  5*  Comparison  of  immunoconglutinin  titers,  CIi,-0  vi 
indirect  Cocmbs  and  lectin  activity  in  infected  chimpan 


3.  Blastogenic  responses  of  spleen  cells  from  mice  infected  with 
Trypanosoma  .rhodesiense  uninfected  mice,  and  immunized  mice  to  mitogens 

and  a glycoprotein  antigen. 

When  spleen  cells  from  mice  infected  with  some  bacteria  or  helminths 
are  cultured  along  with  phytohemagglutinin  (PHA)  or  lipopoly sac char ides 
(LPS)  or  specific  antigens  they  undergo  blastogenesis  regularly.  We 
were  unable  to  induce  blastogenesis  in  spleen  cells  from  mice  infected 
with  Trypanosoma  rhodesiense  using  antigen  from  sonicated  parasites  or  a 
glycoprotein  extract  of  parasite  cell  membranes.  However,  using  PHA  or 
LPS  there  was  blast  transformation  the  first  three  or  four  days  after 
infection  which  disappeared  by  the  4th  or  5th  day  of  the  infection. 

With  cells  of  uninfected  animals  there  was  no  blast  transformation  using 
the  antigens,  but  there  was  a smaller  amount  with  both  PHA  and  LPS. 
Therefore,  the  blastogenic  responses  of  spleen  cells  from  uninfected  mice, 
immunized  mice,  and  infected  mice  were  compared. 

Spleens  of  uninfected  mice  were  gently  teased  and  passed  through  a 
50  mesh  stainless  steel  wire  screen.  These  cells  were  washed  once  in 
1640  RPMI  medium  and  shocked  with  phosphate  buffered  0.83$,  ammonium 
chloride  solution  to  lyse  contaminating  red  blood  cells.  The  lymphoid 
cells  remaining  were  washed  three  times  in  medium  as  described  above. 

They  were  then  cultivated  in  l£40  RPMI  medium  containing  5 % fetal  calf 
serum  (ic6/ml)  with  FIA  (Difco)  diluted  1:20  through  1:100,  and  LPS 
(Escherichia  coli),  5 ug  to  50  ug  per  culture.  After  48  to  120  hours 
they  were  pulsed  with  3h  thymidine  during  the  last  25  hours  of  growth  to 
determine  blastogenesis.  The  optimal  condition  for  maximum  3h  thymidine 
uptake  was  round  to  be  48  hours  with  a 1:60  dilution  of  PHA,  and  72  hours 
with  50  ug  of  LPS.  The  ratio  of  response  was  obtained  by  dividing  the 
mean  of  3 replicate  culture  counts  per  minute  (CPM)  of  treated  cells  by 
the  means  of  3 replicate  cultures  CPM  of  untreated  cells.  The  mean  ratio 
of  blastogenic  response  of  cells  from  non-infected  spleens  was  4.2  for 
PHA  and  4.7  for  LSP  treated  cells. 

Spleen  cells  from  mice  immunized  with  a total  of  12  ug  of  glyco- 
protein antigen  were  cultured  under  optimal  conditions  as  described  with 
and  without  glycoprotein  antigen.  Cells  from  infected  mice  were  obtained 
at  three  to  five  day  intervals  for  24  days  after  infection  and  cultured 
as  described. 

The  ratio  of  response  of  cells  from  uninfected  mice  treated  with 
PHA  was  as  much  as  8 fold  above  untreated  cells  while  the  ratio  with  LPS 
treated  cells  was  7 fold  more  than  with  that  of  untreated  cells.  Increas- 
ing quantitites  of  antigen  did  not  affect  the  blastogenic  response  of  the 
PHA  but  there  was  as  much  as  a 23 % reduction  in  the  non-infected  cell 
response  to  LPS.  There  was  no  appreciable  blastogenic  response  to  glyco- 
protein antigen. 

Spleen  cells  of  mice  immunized  with  glycoprotein  antigen  responded  to 
PHA  and  EPS  as  well  as  to  the  glycoprotein  antigen.  However,  with  increas- 
ing quantities  of  glycoprotein  the  PHA  response  was  reduced  by  as  much  as 


Three  days  after  infection  spleen  cells  had  ratios  as  high  as  2.8 
for  FHA  and  4.4  for  LPS  stimulation  and  very  little  or  no  response  to 
glycoprotein  antigen.  However,  as  in  the  immunized  animals,  the  cells 
showed  diminishing  responses  by  as  much  as  11$  for  FHA  and  3^  for  LPS 
stimulation  as  the  amount  of  antigen  increased.  By  the  fifth  day  after 
infection  and  until  the  end  of  the  experiment  blastogenic  responses  were 
never  greater  than  those  of  the  control  cells  cultured  without  treatment 
or  stimulation. 

These  data  suggest  that  the  glycoprotein  extract  used  as  antigen  in 
this  system  cannot  trigger  the  blastogenic  mechanism  and  initiate  DNA 
synthesis.  Apparently  the  glycoprotein  antigen  occupies  or  shares  recep- 
tor sites  on  spleen  cell  membranes  which  inhibits  or  blocks  the  triggering 
of  blastogenesis  by  the  two  mitogens , PHA  and  LPS . 

4 . The  transfer  of  protection  against  T . rhodes iens e by  specific  mouse 
spleen  cell  populations.  — 

The  purpose  of  the  study  was  to  investigate  some  aspects  of  immunity 
transferred  with  unfractionated  immune  mouse  spleen  cells  from  hyper immune 
donors,  and  with  specifically  enriched  spleen  cell  populations  obtained  by 
adherence  to  plastic  and  by  fractionation  in  Sephadex  G-290-anti-mouse 
gamma  globulin  columns. 

Inbred  C57Bl£/j  mice  were  hyperimmunized  by  a regimen  of  5 weekly 
injections  of  1 X 10?  gamma  irradiated  T.  rhodesiense  (Wellcome  strain) 
per  mouse.  Immune  spleen  cells  were  taken  from  these  mice  within  7 days 
after  the  last  injection.  For  some  experiments  immune  spleen  cells  were 
taken  from  these  mice  within  7 days  after  the  last  injection.  For  some 
experiments  immune  spleen  cells  were  fractionated  by  adherence  to  plastic 
and  characterized  by  particle  latex  phagocytosis  and  by  esterase  stain- 
ing. Non-plastic-adherent  fractions  were  treated  by  iron  carbonyl  and 
density  centrifugation  before  fractionation  into  B-  and  T-enriched  cell 
populations  by  immunoab sorbent  column  chromatography.  Cells  were  charac- 
terized by  the  presence  of  surface  immunoglobulin  and  E-rosette  formation 
with  sheep  red  blood  cells . 

7 

Mice  receiving  5 inoculations  o 1 X 10  irradiated  trypanosomes  were 
immune  to  challenge  infections  of  200  trypanosomes.  Spleen  cells  from 
these  hyperimmune  mice  were  used  for  the  following  studies . 

The  first  experiments  were  designed  to  determine  if  immune  spleen 
cells  could  convey  protection  against  a challenge  infection  in  recipient 
mice  and  how  many  spleen  cells  are  needed  to  protect.  At  least  25  X lC^ 
immune  spleen  cells  were  needed  to  protect.  Normal  spleen  cells  did  not 
protect.  Mice  in  these  first  experiments  were  challenged  with  trypanosomes 
7 days  after  receiving  cells.  In  the  series  of  experiments  the  time  course 
of  protection  transferred  by  immune  spleen  cells  was  determined.  More 
specifically  the  questions  of  how  soon  after  receiving  immune  cells  can 
protection  be  confirmed  and  how  long  after  receiving  immune  cells  does  the 
protection  l&st.  Mice  that  were  infected  1 or  2 days  before  receiving 
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70  X lo6  immune  spleen  cells  died  when  challenged  with  trypanosomes.  Mice 
given  immune  spleen  cells  on  the  same  day  as  receiving  the  trypanosome 
infection  only  lived  1 days  longer  than  the  control  mice  receiving  normal 
spleen  cells.  However,  when  immune  spleen  cells  were  given  1 day  prior  to 
infecting  the  mice  were  protected  from  the  trypanosome  challenge.  This 
protection  is  viable  for  21  days  after  receiving  the  immune  spleen  cells. 

The  first  two  series  of  experiments  shoved  that  immune  spleen  cells, 
from  hyperimmune  mice  that  had  received  5 injections  of  irradiated  trypano- 
somes, protected  recipient  mice  from  a homologous  trypanosome  challenge. 

The  next  group  of  experiments  were  designed  to  describe  specific  charac- 
teristics of  the  spleen  cell  responsible  for  transferring  the  protection. 
Spleen  cells  were  separated  into  a macrophage  enriched  cell  populations, 
a T-enriched  cell  population  and  a B-enriched  cell  population. 

Large  numbers  of  macrophages  were  not  obtainable  by  the  experimental 
methods  used.  Only  when  7 X ic6  cells  were  transferred  were  5 0%  of  the 
recipient  mice  protected.  The  question  still  remains  unanswered  as  to 
whether  more  macrophages  would  convey  protection. 

Fewer  B-enriched  spleen  cells  were  needed  to  transfer  protection. 

As  few  as  5 X 1()6  cells  transferred  solid  immunity  to  trypanosome  challeng- 
ing infections.  However,  no  protection  was  obtained  when  as  many  as 
5b  X ic6  T-enriched  spleen  cells  were  transferred. 

Spleen  cells  from  mice  made  hyperimmune  to  T.  rhodesiense  by  5 weekly 
injections  of  1 X I07  irradiated  trypanosomes  transferred  protection  to  a 
trypanosome  lufestion  in  ail  recipient  mice.  It  appears  that  B-enriched 
spleen  cells  transfer  the  protection  probably  by  the  production  of  specific 
anti-trypanosomal  antibody  in  the  recipient  mouse.  T-enriched  spleen  cell 
populations  did  not  transfer  protection,  while  macrophage  enriched  popu- 
lations appeared  to  confer  sane  protection. 

5-  The  cynomologus  monkey  (Macaca  fascicularis ) as  an  experimental  primate 
host  for  visceral  leishmaniasis. 

Cynomologus  monkeys  inoculated  intravenously  with  40-100  million 
amastigotes  of  Leishmania  donovani  (Khartoum  strain )/kg  body  weight  invari- 
ably developed  a clinical  illness  similar  to  that  observed  in  visceral 
leishmaniasis  of  man.  The  initial  clinical  sign  usually  was  splenomegaly 
in  3-7  weeks  post-exposur  followed  shortly  by  the  onset  of  pancytopenia. 
Typical  changes  included  a drop  in  platelet  count  from  5-600,000  to  ICC,'  JO/ 
mm3  or  less,  a decrease  in  packed  cell  volume  from  32-4 0%  to  7-17%,  a 
drop  in  total  white  count  from  5-10>000  to  l-3,000/mm3,  and  weight  loss 
averaging  15%.  Animals  usually  died  within  6-20  weeks  post-exposure.  At 
necropsy  spleens  and  livers  from  infected  animals  averaged  3.5  and  2.5 
times  heavier,  respectively , than  those  organs  from  non-infected  control 
monkeys.  Parasites  were  seen  microscopically  in  liver,  spleen,  and  bone 
marrow  at  necropsy.  Promastigot.es  eoul  i be  cultured  from  bone  marrow 
using  Tobie's  liphasic,  Tanabe's,  and  Mansour's  media.  Histopathologic 
lesions  included  sever  ' liff'u::  - granulomatous  inflammation  of  spleen,  liver, 


and  abdominal  lymph  nodes . Granulomatous  interstitial  pneumonia  and 
epididymitis  also  were  evident.  Meningeal  hemorrhages  occasionally  were 
observed.  These  results  suggest  that  this  monkey  model  may  be  suitable 
for  use  in  studies  relating  to  the  biology,  immunology,  and  pathogenesis 
of  this  disease  as  well  as  to  the  testing  of  anti-leishmanial  compounds. 

6.  Microfilariae  found  in  dogs  in  the  United  States. 


Microfilariae  found  in  dogs  in  the  United  States  should  not  always 
be  assumed  to  be  those  of  Dirofilaria  immibis,  the  dog  heartworm.  Other 
closely  related  filarial  worms , both  in  the  genus  Dirofilaria  and  in 
Dipetalonema,  also  have  been  detected  in  dogs.  Although  these  other  species 
cause  no  apparent  pathology,  it  is  nonetheless  important  to  distinguish 
D.  immitis  from  them  before  deciding  whether  or  not  to  subject  the  canine 
host  to  heartworm  treatment.  This  work  reports  the  finding  of  k apparently 
different  species  of  filarial  worms  found  in  dogs  in  Florida.  The  pres- 
ence of  multiple  filarial  worm  species  probably  is  not  restricted  to  this 
particular  state.  This  situation  is  being  used  as  an  example  to  remind 
those  who  work  with  heartworm  of  the  widespread  existence  of  filariae 
other  than  D.  immitis  that  occur  in  dogs  in  this  country.  Emphasis  is 
placed  on  those  morphological  characteristics  which  can  be  used  most 
practically  by  the  veterinarian  in  differentiating  microfilariae  of  D. 
immitis  from  those  of  the  non-pathogenic  species  in  question. 

It  has  become  a common,  almost  standard,  procedure  to  distinguish 
between  D.  immitis  and  D.  recon ditum  by  observing  microfilariae  from  both 
fresh  blood  and  from  the  sediment  of  a Knott's  preparation  as  reviewed  by 
Jackson  and  Otto.  These  procedures  were  followed  in  the  present  study. 
Additional  methods  included  placing  methylene  blue-stained  Knott  sedi- 
ment onto  a microscope  slide  and  photographing  with  either  bright  field 
or  phase  light.  Photographs  were  taken  with  a Zeiss  ULTRAPHOT  II  photo- 
microscope. Measurements  were  made  with  a calibrated  ocular  micrometer. 
These  procedures  also  were  followed  in  the  preparation  and  description 
of  the  other  forms  of  microfilariae  discussed  in  this  work  unless  other- 
wise specified. 

The  second  procedure  used  in  this  work,  although  not  appropriate  as  a 
routine  method,  may  rather  easily  be  utilized  when  special  needs  arise. 

This  hematoxylin  method  utilized  microfilariae  from  Knott  sediment  and 
resulted  in  permanently  stained  and  mounted  specimens.  Sediment  was  smeared 
onto  a slide,  allowed  to  air  dry,  and  then  fixed  for  10  minutes  in  equal 
parts  of  95 % ethanol  and  ether.  Slides  were  air  dried  and  then  stained  in 
Delafield's  hematoxylin  for  1 hour.  Specimens  were  rinsed  briefly  in 
0.05%  HC1  and  then  in  running  tap  water  until  blue  color  appeared,  then 
air  dried,  and  coverslipped  with  diaphane.  These  specimens  were  observed 
and  photographed  with  bright  field  light. 

The  most  frequently  encountered  problem  in  differential  diagnosis  is 
between  microfilariae  of  Dirofilaria  immitis  and  those  of  Dipetalonema 
re con ditum,  also  a common  parasite  of  dogs  in  the  United  States.  Numerous 


characteristics  may  be  used  to  differentiate  these  2 species.  Micro- 
filariae of  D.  immitis  usually  are  numerous  in  whole  blood  while  those  of 
D.  recon ditum  commonly  are  few.  D.  recon ditum  microfilariae  in  general 
show  progressive  movement  in  a wet  mount  while  those  of  D.  immitis  exhibit 
stationary  movement.  It  should  be  noted,  however,  that  D.  immitis  may  show 
rather  slow  progressive  movement  if  observed  in  blood  which  is  less  than 
1 hour  old  while  D.  reconditum  may  show  periods  of  rapid  progressive 
motion  interspersed  with  periods  of  rather  stationary  movement.  A whole 
microfilaria  of  D.  immitis  and  D.  reconditum  from  a Knott  preparation  are 
shown  on  low  power  in  Figure  6 and  12,  respectively.  Two  distinguishing 
characters  are  readily  apparent  at  this  magnification:  l)  D.  immitis  is 
a larger  species  which  is  both  longer  and  wider  than  D.  reconditum;  and 
2)  D.  immitis  has  a rather  straight  body  while  that  of  D.  reconditum  is 
curved.  Other  differentiating  characters  become  apparent  when  these  2 
species  are  observed  with  oil  emersion.  The  cephalic  or  head  end  of 
D.  immitis  (Figure  7)  is  tapered  while  that  of  D.  reconditum  (Figure  13) 
ends  bluntly,  similar  to  the  end  of  a broomstick.  The  tail  or  caudal 
end  of  these  2 species  usually  is  strikingly  different  with  D.  immitis 
(Figure  8)  showing  a straight  tail  while  D.  reconditum  (Figure  14)  has  a 
curved  or  button-hooked  tail.  In  our  experience,  D.  reconditum  showed  a 
curved  or  button-hooked  tail  in  only  about  75$  of  the  specimens  examined. 

We  called  a tail  as  being  curved  if  it  was  bent  at  least  4-5°.  D.  immitis 
consistently  showed  a straight  or  only  slightly  bent  tail. 

The  next  6 figures  show  microfilariae  which  are  stained  using  the 
hematoxylin  method.  The  distinguishing  characters  of  body  length,  width, 
and  general  shape  of  D.  immitis  and  D.  reconditum  again  are  evident  on 
low  power  (Figure  9 and  15,  respectively) . When  observed  with  oil  emersion, 
these  2 species  exhibit  characteristics  which  may  be  useful  in  differen- 
tiation which  are  not  obvious  in  microfilariae  taken  from  Knott  sediment. 
Since  the  body  nuclei  are  distinctly  stained,  the  length  of  the  caudal 
space  behind  the  posterior-most  nucleus  may  easily  be  measured.  This  space 
averages  18$  longer  in  D.  immitis  (Figure  10)  than  in  D.  reconditum 
(Figure  16).  Another  useful  character  is  the  presence  of  annular  stria- 
tions.  These  are  most  obvious  in  the  caudal  space  of  D.  immitis  (Figure  10) 
although  they  are  present  throughout  the  entire  length  of  the  microfilaria. 
The  caudal  space  of  D. recon ditum  showing  the  lack  of  striations  is 
pictured  in  Figure  l54  The  presence  of  the  hooked  tail  in  D.  reconditum 
(Figure  1 £)  and  the  absence  of  this  character  in  D.  immitis  (Figure  10) 
is  easily  seen.  The  cephalic  ends  of  hematoxylin-stained  D.  immitis 
(Figure  11)  and  D.  reconditum  (Figure  17)  also  show  useful  characteristics 
which  are  not  visible  with  the  Knott  preparation.  The  column  of  body 
nuclei  and  the  cephalic  space  are  easily  seen  with  the  latter  averaging 
17$  longer  in  D.  immitis  than  in  D.  reconditum.  Also,  the  annular  stria- 
tions in  D.  immitis  are  obvious.  The  distinction  o°  tapered  versus  blunt 
cephalic  end  in  these  2 species  is  not  evident  using  hematoxylin.  Both 
usually  appear  to  have  bulbous  heads . 

A third  microfilaria  found  in  dogs  initially  was  discovered  in  Florida 
in  May,  1973-  This  species  is  evidently  also  a normal  parasite  of  dogs 


'41 


Figures  6-8.  Dirofilaria  immitis  from  Knott's  preparation  and  stained 
with  methylene  blue  (phase  contrast).  6.  Whole  micro- 
filaria showing  a straight  contour  (250  X).  7-  Tapered 

cephalic  end  of  microfilaria  (1000  X).  8.  Caudal  end 

of  microfilaria  with  straight  tail  (1000  X) . 
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Figures  9-H-  Dlrofilaria  immitis  from  Knott's  prepara  hi  on  an  l stained 
with  Delafield's  hematoxylin.  9*  Whole  microfilaria 
with  straight  contour  (250  X).  10.  Caudal  end  of 

microfilaria  showing  a straight  tail.  Annular  striations 
are  pronounced,  particularly  in  the  caudal  spare  behind  the 
last  tail  nucleus  (1000  X).  11.  Cephalic  end  of  micro- 

filaria showing  cephalic  space  in  front  of  anteriormost 
nuclei.  Annular  striations  are  present  but  indistinct 
(1000  X). 


and  appears  to  belong  to  the  genus  Dipetalonema . Because  no  necropsies 
of  infected  dogs  could  be  performed,  the  adult  has  not  been  found. 

Therefore,  a species  designation  cannot  be  made  at  this  time  Dr.  R.F. 

Jackson  found  this  new  worm  species  in  4 greyhounds  which  had  been 
referred  to  him  for  heartworm  treatment.  Actually,  these  4 animals  were 
only  part  of  a larger  group  of  12  greyhounds  that  were  referred  to  him 
for  chemotherapy.  The  other  8 dogs  were  native  to  the  United  States. 

Upon  repeat  blood  examination,  R.F.J.  found  what  appeared  to  be  3 
different  forms  of  microfilariae.  The  native  U.S.  dogs  were  positive  for 
either  D.  immitis  or  D.  reconditum  or  had  mixed  infections  of  these  2 
species.  It  was  obvious,  however,  that  the  microfilariae  from  the  Irish 
dogs  were  smaller  than  either  of  the  other  2 species  aid  did  not  possess 
a button-hooked  tail.  The  imported  greyhounds  had  been  born  and  raised 
in  Ireland  and  shipped  to  the  U.S.  when  they  were  about  1 year  old.  The 
discovery  of  microfilaremias  took  place  6 months  later.  All  4 dogs  were 
followed  for  over  2 years  until  they  eventually  lost  their  infections. 

During  this  period,  they  were  housed  in  various  kennels  with  numerous 
other  greyhounds,  none  of  which  ever  demonstrated  similar  microfilariae 
in  their  blood.  In  April,  1975,  a fifth  greyhound  was  found  with  this 
new  filarial  worm  by  Dr.  Jackson  just  4 days  after  it  had  been  shipped 
to  Florida  from  Ireland.  In  May  1975,  Dr.  Jackson  travelled  to  Ireland 
where  he  visited  2 kneels  which  had  been  the  source  of  the  dogs  which 
were  found  positive  in  Florida.  He  found  that  none  of  8 dogs  examined 
were  infected  in  one  kennel  but  2 of  5 dogs  were  infected  in  the  second 
kennel.  The  results  of  these  findings  and  the  earlier  cases  diagnosed  in 
Florida  which  included  a detailed  morphological  description  of  the  micro- 
filariae were  reported  by  Jackson  et  al.  This  Irish  filaria  is  termed 
Dipetalonema  sp.  for  the  purposes  of  this  paper  and  will  be  compared  with 
Dipetalonema  reconditum  which  it  closely  resembles.  Both  species  usually 
are  found  in  small  numbers  in  dog  blood  and  show  progressive  movement  in 
fresh  blood.  Each  species  exhibits  a blunt,  broomstick-like  head  out 
Dipetalonema  sp.  shows  a straight  tail  in  contrast  to  the  hooked  tail  of 
D.  reconditum.  No  specimens  from  Knott  sediment  were  available  for 
photographing.  A hematoxylin  stained  microfilaria  of  Dipetalonema  sp. 
is  shown  in  Figure  18  which  demonstrates  the  typically  straight  body  in 
contrast  to  the  curved  body  of  D.  reconditum  (Figure  15).  Body  length  of 
Dipetalonema  sp.  averages  7$,  less  than  that  of  D.  reconditum.  Likewise, 
body  width  is  somewhat  less.  Dipetalonema  sp.  shows  a somewhat  longer 
cephalic  space  (Figure  19)  than  D.  reconditum  (Figure  17).  The  caudal 
space  of  Dipetalonema  sp.  (Figure  20)  is  straight  and  is  slightly  shorter 
than  that  of  D.  reconditum  (Figure  16).  Neither  species  shows  annular 
striations . 

Microfilariae  of  what  appears  to  be  a fourth  species  now  have  been 
found  by  Dr.  Jackson  in  his  practicle.  These  specimens  which  were  recovered 
from  2 native  U.S.  dogs  are  strikingly  larger  than  microfilariae  of  D. 
immitis . Unfortunately,  neither  dog  could  be  necropsied  so  adult  worms 
have  been  unavailable  for  study.  The  microfilariae  are  found  in  relatively 
few  numbers  in  fresh  blood  and  exhibit  stationary  movement.  Specimens  from 
Knott  sediment  average  17%  greater  than  the  length  of  D.  immitis.  They 
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Figures  12-14.  Dipetalonema  recon ditum  from  Knott's  preparation  and 

stained  with  methylene  blue  (phase  contrast).  12.  Whole 
microfilaria  showing  a curved  contour  (25 0 X).  13-  Blunt 

cephalic  end  of  microfilaria  (1000  X).  l4.  Caudal  end 

of  microfilaria  with  button-hooked  tail  (1000  X). 
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Fig  16 


Fig  17 


Figures  15-17 • Dipetalonema  reconditum  from  Knott's  preparation  and 
stained  with  Delafield's  hematoxylin.  15.  Whole 
microfilaria  with  curved  body  (250  X).  16.  Caudal  end 

of  microfilaria  showing  button-hooked  tail.  Annular 
striations  are  not  seen  (1000  X).  17.  Cephalic  end  of 

microfilaria  showing  the  clear  cephalic  space  (1000  X). 
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Figures  18-20.  Dipetalonema  sp.  from  Knott's  preparation  and  stained 
with  Delafield’s  hematoxylin.  18.  Whole  microfilaria 
showing  a straight  contour  (250  X).  19 . Cephalic  end 

of  microfilaria  showing  clear  cephalic  space  (1000  X) . 
20.  Caudal  end  of  microfilaria  with  a straight  tail. 
Annular  striations  are  not  evident  (1000  X). 


Unknown  species  from  Knott's  preparation  and  stained 
with  Delafield's  hematoxylin.  21.  Whole  microfilaria 
showing  a curved  body  (250  X).  22.  Caudal  end  of 

microfilaria  with  a straight  tail  and  prominent  annular 
striations  (1000  X).  23.  Cephalic  end  of  microfilaria 

with  annular  striations  evident  in  the  clear  cephalic 
space  (1000  X). 


show  a tapered  head  and  a straight  tail.  The  body  shape  is  markedly 
crescent  shaped  with  the  last  20$  of  the  body  often  being  recurved.  No 
specimens  from  Knott  sediment  were  available  for  photographing. 

A hematoxylin  stained  specimen  of  this  species  is  shown  in  Figure  2. 
The  length  of  these  hematoxylin  stained  microfilariae  averages  18 $ greater 
than  that  of  similarly  stained  specimens  of  D.  immitis . A markedly  curved 
body  usually  is  seen  in  contrast  to  the  straight  contour  of  D.  immitis 
(Figure  9).  The  caudal  end  of  this  form  is  relatively  straight  and 
exhibits  distinct  annular  striations  (Figure  22)  similar  to  D.  immitis 
(Figure  10).  This  space,  however,  averages  45$  longer  than  that  seen  in 
D.  immitis . The  cephalic  space  of  this  species  also  shows  pronounced 
annular  striations  (Figure  23)  and  is  somewhat  longer  than  in  D.  immitis 
(Figure  11). 

7-  Filariasis : Quantitative  studies  of  microfilaria!  uptake  by  Aedes 
aegypti . 


Quantitative  studies  of  microfilarial  uptake  by  Aedes  aegypti  which 
were  exposed  to  Brugia  pahangi- infected  hosts  were  performed.  Mosquitoes 
were  fed  on  a patent  cat  which  had  been  inoculated  intravenously  30 
minutes  beforehand  w ith  the  radioisotope  Cerium- 144.  Blood  volume  uptake 
of  40  randomly  selected  mosquitoes  was  determined  isotopically  by  comparing 
gamma  emission  rates  of  individual  mosquitoes  with  those  of  blood  aliquots 
from  the  infected  cat.  A prediction  was  made  of  microfilariae  ingested 
by  each  mosquito  based  on  blood  meal  volume  and  the  level  of  microfilaremia 
in  host  blood.  Each  mosquito  then  was  dissected  and  exam  ned  microscopi- 
cally to  determine  actual  number  of  parasites  ingested.  The  mean  percent- 
age of  microfilariae  found  versus  that  predicted  was  309$  (range  = 0-1000$) 
Data  from  a second  similarly  designed  experiment  using  another  cat  yielded 
a mean  percentage  of  actual  versus  predicted  parasite  uptake  of  201$ 

(range  = 14-665$).  Results  previously  reported  by  us  on  membrane  blood 
feeding  studies  using  Ce-l44  had  suggest  that  A.  aegypti  neither  con- 
centrated nor  excluded  microfilariae  during  feeding.  In  these  initial 
studies,  mean  percentage  of  actual  versus  predicted  parasite  uptake  was 
83$  (range  = 38-166$).  Data  from  the  present  work  demonstrated  a greater 
range  of  microfilarial  uptake  than  that  seen  in  the  membrane  feeding  stuiie 
Also,  mosquitoes  on  the  average  ingested  significantly  greater  numbers  of 
parasites  than  expected.  These  findings  were  the  result  of  heterogenous 
distribution  of  microfilariae  in  host  blood.  Significantly  more  pre- 
dictable parasite  uptake  levels  were  obtained  when  mosquitoes  were  fed  from 
a membrane  feeder. 

8.  Quantitative  changes  in  astrocytes  after  portacaval  shunting  in  chimpan 
zees  and  in  a human  patient  with  intact  liver  parenchyma. 

Alzheimer  II  astrocytes  are  a prominent  histopathological  feature  of 
the  encephalopathy  associated  with  human  cirrhosis  and  with  other  liver 
metabolic  disorders.  Recent  investigations  have  shown  that  similar  astro- 
cytic changes  can  also  be  produced  in  a variety  of  animal  models  where 
hyperammonemia  has  been  induced  either  chemically  or  by  const ruction  of  a 


portacaval  shunt.  Rarely,  clinical  encephalopathy  and  Alzheimer  II 
changes  have  been  found  in  human  patients  in  which  portacaval  shunt  was 
performed  without  significant  accompanying  liver  disease.  Analysis  of 
such  a case  and  an  appropriate  control  led  us  to  examine  the  brains  of 
non-cirrhotic  experimental  and  control  chimpanzees  who  received  porta- 
caval shunts  in  the  course  of  a study  of  hepatosplenic  schistosomiasis. 

In  that  condition,  there  is  persistent  presinusoidal  portal  hypertension, 
but  liver  cell  function  is  only  terminally  affected  in  either  humans  or 
in  experimental  chimpanzees.  Portacaval  shunt  operations  for  the  relief 
of  schistosomal  portal  hypertension  in  ednemie  patients  have  been  largely 
abandoned  because  of  a high  incidence  of  encepha?.opath‘n  ; .-quelae . 

Most  pathological  studies  of  "Hepatic  encephalopathy"  have  failed  to 
measure  the  quantitative  extent  of  the  histopathological  glial  changes. 
Those  quantitative  studies  which  have  been  done  in  man,  and  in  the  rat 
model  have  been  mainly  concerned  with  the  degree  of  astco-y tic  changes 
rather  than  with  topographic  distribution  or  their  relationship  to 
clinical  and  metabolic  alterations  or  time  course.  We  have  studied  the 
distribution  of  histological  changes  in  different  regions  of  the  brains 
in  a portacaval  shunted  human  case  and  in  portacaval  shunted  chimpanzees. 
Correlations  of  these  changes  to  clinical  illness,  duration  of  shunting, 
and  blood  ammonia  levels  have  been  analyzed. 

Human  Cases . 

Case  Report,  PBBH  #A72-286  (Portacaval  shunt): 

A 69-year-old  white  male,  former  automobile  mechanic,  was  first 
admitted  to  another  hospital  12  years  antemortem  for  evaluation  of 
hematemesis.  The  clinical  diagnosis  at  that  time  was  severe  alcoholic 
cirrhosis  with  esophageal  varices.  An  end-to-side  portacaval  shunt  was 
constructed,  presumably  to  relieve  "dilated  gastric  veins".  The  surgeons 
noted  no  splenomegaly,  and  an  intraoperative  liver  biopsy  revealed  only 
minimal  fibrosis.  Liver  function  tests  were  normal. 

Episodes  of  confusion,  impairment  of  memory,  visual  blurring,  ataxia, 
and  bilateral  lower  face  twitching  were  first  noted  by  the  patient  one  to 
two  years  after  operation  of  his  shunt.  These  "spells"  were  precipitated 
by  high  meat  or  protein  intake  and  were  avoidable  by  dietary  restriction. 
Six  years  post-shunt,  neurological  evaluation  at  a second  hospital  shoved 
the  patient  alert  but  vague  with  slow  responses.  He  had  been  neglecting 
his  diet  guidelines.  His  ability  to  form  new  associations  was  poor  and 
his  fund  of  knowledge  was  fair.  He  showed  asterixis  of  hands  and  feet; 
symmetrical,  markedly  hyperactive  deep  tendon  reflexes,  cerebellar 
ataxia,  and  myoclonic  jerks.  No  telangiectasis  was  noted  in  the  skin, 
and  the  liver  was  normalized.  No  Keyser-Fleischer  rings  were  found  and 
ceruloplasmin  levels  were  within  normal  limits.  Pertinent  laboratory 
values  indicated  normal  liever  function.  Serum  ammonium,  however,  was 
markedly  elevated  with  values  greater  than  150  ng$>.  EEG  showed  bitemporal 
theta  activity.  He  was  subsequently  maintained  on  oral  neomycin,  with 
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exacerbation  of  symptoms  every  time  the  regimen  was  neglected. 

Then  days  prior  to  death,  the  patient  was  first  admitted  to  the 
Peter  Bent  Brigham  Hospital  with  a 25%  third  degree  burn  of  the  trunk 
and  upper  extremity.  Previous  neurological  findings  were  confirmed. 

The  patient  died  of  shock  and  bronchopneumonia  with  gram-negative  sepsis. 

A general  autopsy  showed  the  liver  to  be  normal  except  for  very 
scant  periportal  fibrosis . Neuropathological  findings  will  be  described 
below. 

Control  case:  PBBH  #A73-62 


This  patient  had  chronic  renal  failure  and  hypertension.  Autopsy 
showed  end  stage  kidney  disease  and  pyelonephritis.  Neuropathological 
examination  was  normal  except  por  athero-  and  arteriolar  sclerosis. 

CHIMPANZEES : 

Six  of  eight  young  West-African  chimpanzees  were  subjected  to  an 
end-to-side  portacaval  shunt  eight  weeks  after  experimental  infection 
with  Schistosoma  japonicum,  as  more  fully  reported  elsewhere.  Animals 
with  neurological  impariment  after  shunting  received  a low  protein  diet. 
Routine  observations  showed  that  three  of  the  animals  demonstrated  some 
neurological  dysfunction  although  detailed  serial  neurological  exami- 
nations were  not  done.  These  clinical  symptoms  were:  lethargy,  weakness, 
bellowing,  anorexia  for  #6l8,  weakness,  bellowing,  absence  of  palpebral 
and  corneal  reflexes  for  #761,  and  weakness,  ataxia,  lethargy  for  #376. 

One  chimpanzee,  #L-36U,  with  hypertrophied  astrocytes  and  elevated 
ammonia  levels  showed  no  neurological  alteration  to  casual  observation. 
Blood  ammonia  levels  of  these  animals  were  elevated 

The  animals  were  sacrificed  at  11  and  30  weeks  post-shunting  with 
the  exception  of  chimp  #6l8  who  became  extremely  ill  and  was  sacrificed 
at  seven  weeks  post- shunting. 

At  necropsy,  the  livers  of  the  experimental  chimpanzees  were  examined 
microscopically  and  were  judged  to  be  normal,  except  for  moderate  number 
of  schistosome  granulomas.  Mild  pipe-stem  fibrosis  was  noted  in  only  one 
case,  #20l+.  Four  control  chimpanzee  brains  of  young  animals  were  obtained 
from  the  National  Institutes  of  Health.  Liver  specimens  from  the  control 
chimps  were  not  available. 

Histopathological  Studies 

Four  of  the  six  portacaval-shunted  chimpanzees'  brains  were  first 
studied  qualitatively.  One  of  these,  #6l8,  was  then  chosen  for  detailed 
quantitative  study  since  that  animal  had  exhibited  typical  neurological 
impairment  and  histopathologically  showed  representative  changes.  A 
control  chimpanzee  brain  was  similarly  quantitated.  The  single  human 


portacaval  shunt  case  was  also  quantitatively  studied  compared  with 
chimpanzee  brain  ,?6l8,  as  well  as  with  chimpanzee  and  human  control 
brains . 

Small,  medium,  and  whole-brain  paraffin  sections  were  cut  at 
12m  and.  stained  with  hematoxylin-eosin  and  special  stains.  All 
quantitative  observations  were  made  on  H & E-stained  giant  sections. 
Subjective  evaluation  of  Alzheimer  II  change  was  performed  "blindly" 
by  two  independent  observers,  and  was  later  correlated  with  the 
clinical  observations. 

Nuclei  were  classified  as  astrocytic  when  they  conformed  to  all 
of  the  following  criteria:  a)  Absence  of  visible  cytoplasm,  b)  Absence 
of  prominent  nucleolus,  c)  No  prominence  of  dense,  intensely  basophilic 
chromatin,  as  is  seen  in  oligodendrocytes,  and  d)  A tendency  toward 
marginations  of  the  existing  chromatin.  It  should  be  noted  that  nuclear 
size,  per  se , was  not  a criterion  for  inclusion  or  exclusion.  The 
presence  of  a pronounced  intranuclear  glycogen  dot  is  generally  regarded 
as  typical  of  Alzheimer  II  astrocytes , and  though  this  feature  is  not 
prominent  in  H & E stains,  checks  of  PAS-stained  sections  showed  it  to 
be  present  in  many  nuclei  in  our  material. 

The  degree  of  astrocyte  hyperplasia  and  nuclear  enlargement  was 
assessed  in  coronal  sections  of  four  gray  and  white  matter  areas: 
insular  cortex,  caudate  nucleus,  medial  globus  pallidus  and  the  centrum 
semi ovale.  High-power  fields  (450  X)  of  405n  diameter  were  chosen 
randomly.  Care  was  taken  to  sample  equally  all  regions.  The  number  of 
astrocytes  was  determ  ned  in  20  random  fields  for  each  area.  In  every 
fourth  field,  the  longest  and  shortest  diameters  of  astrocyte  nuclei  were 
measured  with  an  ocular  micrometer.  These  counts  were  performed  by  two 
independent  observers  and  practice  counts  indicated  9&?o  agreement 
between  the  two.  Care  was  also  taken  not  to  bias  these  measurements 
toward  larger  nuclear  profiles,  and  at  least  6 0$  of  the  nuclei  were 
measured  in  each  of  the  64  fields  studied.  Following  the  methods  of 
Gutierrez  and  Norenberg,  volumes  were  calculated  using  the  formula  for 
a prolate  spheroid,  /6  IS^ , where  L and  S are  the  longest  and  shortest 
diameters,  respectively.  Abercrombie's  formula  was  used  to  correct 
these  figures  for  the  dependence  of  apparent  incidence  of  enlarged 
nuclei  on  section  thickness. 

The  statistical  significance  of  the  data  was  evaluated  using  Student's 
t-test. 

RESULTS 

Neurological  examination: 

(A)  Human  cases: 

The  portacaval  shunt  patient's  brain  PBBH  #A72-286 , weighed  1,260  gra. 
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Grossly,  it  was  normal  except  for  a brown-yellow  line  of  discoloration 
in  coronal  sections  between  the  cortex  and  underlying  white  matter. 

Microscopically,  prominent  hyperplasia  and  hypertrophy  of  proto- 
plasmic astrocytes  was  observed,  these  cells  being  identified  as 
astrocytes  based  on  the  criteria  given  in  the  Histopathological  Studies 
section.  Sometimes  their  nucleus  appeared  lobulated  and  occasionally 
they  occurred  in  pairs.  The  cerebral  cortex,  basal  ganglia,  brainstem 
and  Bergmann  cell  layer  all  showed  astrocytic  changes. 

In  some  regions,  particularly  in  the  depth  of  cortical  sulci,  there 
was  status  spongiosus,  slight  increase  in  cellularity,  and  prominent 
capillaries.  Status  spongiosus  was  also  observed  in  the  caudate  nucleus, 
putamen,  and  globus  pallidus. 

The  control  human  brain,  PBBH  #A73-62,  showed  no  evidence  of  hyper- 
plasia or  hypertrophy  of  astrocytes. 

(B)  Chimpanzee  brains: 

Grossly,  the  brains  appeared  normal.  Histologically,  the  astro- 
cytic nuclei  were  strikingly  swollen,  often  vesicular,  and  were  dis- 
tributed throughout  the  cerebral  cortex,  basal  ganglia  and  pons.  In 
animal  #761,  they  were  also  prominent  in  the  cerebellum.  No  astrocytic 
mitoses  were  observed.  Neuronal  loss  was  not  noticed. 

The  chimpanzee  control  brains  were  normal  grossly  and  microscopically. 
Quantitative  studies 


Overall,  Abercrombie-corrected  data  showed  a 26%  increase  of  astro- 
cytic nuclei  for  the  shunted  chimpanzee  brain  #6l8  as  compared  to  4l % 
increase  in  the  shunted  human  case,  PBBH  A72-28 6.  With  regard  to  the 
four  brain  regions  sampled,  the  shunted  chimpanzee  showed  an  increase  of 
25%  in  the  insula,  17%  for  the  caudate  nucleus,  77%  in  the  medial  globus 
pallidus,  and  a 17%  decrease  in  the  centrum  semi ovale.  The  shunted  human 
case  showed  an  increase  of  45%  in  the  insula,  1 6%  in  the  caudate,  33%  in 
the  medial  globus  pallidus,  and  a 70%  increase  in  the  centrum  semiovale. 

This  study  shows  that  an  "Alzheimer  II"  astrocytosis , namely  an 
increase  in  the  number  and  size  of  astrocyte  nuclei,  is  produced  in  the 
chimpanzee  after  portacaval  shunting.  It  also  confirms  the  occasional 
reports  of  encephalopathy  and  Alzheimer  II  changes  in  human  brains  after 
portacaval  anastomosis  even  in  the  absence  of  significant  liver  disease. 

Various  animal  models  have  been  developed  to  study  "hepatic  encepha- 
lopathy" . To  our  knowledge,  this  is  the  first  report  of  a chimpanzee 
model  of  "hepatic  encephalopathy"  or,  more  accurately,  portacaval  shunt 
encephalopathy.  By  far  the  most  commonly  used  model  has  been  that  of  the 
rat . 
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In  comparing  the  human  encephalopathy  with  the  chimpanzee’s 
encephalopathy,  there  is  good  agreement. 

The  morphological  changes  in  the  chimpanzees  appear  quite  similar 
if  not  identical  to  the  pathological  changes  in  human  cases.  The 
chimpanzees  also  seem  to  show  a correlation  between  their  morphological 
changes  and  clinical  neurological  alterations.  It  is  debatable  whether 
the  rat  model  shows  neurological  alterations  similar  to  the  features 
of  the  human  encephalopathy. 

Some  investigators  have  suggested  that  hypertrophy  of  astrocytic 
nuclei  is  largely  an  artifact  of  how  the  brain  is  fixed.  Immersion 
fixation  produces  nuclear  swelling  as  compared  to  perfusion  fixation. 
Gutierrez  and  Norenberg  also  mention  preliminary  evidence  that  pro- 
cessing tissues  through  a series  of  alcohols  contributes  to  this 
phenomenon.  Using  a rat  hepatic  encephalopathy  model  Norenberg  was 
unable  to  demonstrate  enlargement  or  hypertrophy  of  astrocytic  nuclei 
in  stained  frozen  sections  of  brain  of  decapitated  animals . He 
considered  astrocytic  nuclear  hypertrophy  to  be  an  artifact. 

The  striking  dissimilarity  found  in  this  study  between  the  volume 
enlargement  for  the  chimpanzee  astrocyte  nuclei  versus  those  from  the 
human  case  may  indeed  depend  upon  formalin  dilution  (10$  for  the  former 
versus  15$  for  the  latter);  the  duration  of  fixation  was  also  not 
uniform.  Because  of  the  possible  artifact  of  swelling,  it  is  the 
hyperplasia  of  the  astrocytic  nuclei  rather  than  the  hypertrophy  of 
the  nuclei  which  most  interested  us . 

The  primary  aim  of  the  present  study  was  to  analyze  quantitatively 
the  astrocytic  changes  in  terms  of  regional  anatomy — e.g.  the  insular 
cortex,  caudate,  globus  pallidus  and  centrum  semi ovale. 

Our  count  for  astrocytes  in  four  different  regions  of  the  brain 
were  based  on  the  quantitative  histological  techniques  described  by 
Gutierrez  and  Norenberg  in  the  rat  model.  These  authors  have  discussed 
the  technical  difficulties  involved. 

In  our  study,  the  overall  increases  in  astrocyte  number  were 
calculated  by  the  Abercrombi  formula.  The  overall  values  were  26$  for 
the  chimpanzee  and  4l$  for  the  human.  With  the  possible  exception  of 
the  chimpanzee  globus  pallidus,  these  were  not  strikingly  (i.e.,  several 
fold)  different  from  the  33$  Abercrombi-corrected  increase  in  astrocyte 
number  found  by  Gutierrez  and  Norenberg  in  the  rat.  It  should  be  noted 
that  in  those  animals  hyperplasia  of  the  astrocytes  were  produced  within 
7 1/2  hours  after  injection  of  methionine  sulfoximine.  That  such  a 
proliferation  could  occur  so  rapidly  is  remarkable,  anl  should  be 
further  investigated  with  other  models  or  methods. 

Hyperplasia  of  astrocytes  was  found  to  be  highly  significant  in  all 
of  the  gray  matter  regions  examined,  except  for  the  centrum  semi ovale, 
in  the  shunted  chimpanzee,  a finding  that  may  require  further  confirmation. 


As  to  the  human  brain,  it  showed  not  only  significant  astrocyte  hyper- 
plasia in  the  three  gray  matter  regions  examined  but  also  in  the  centrum 
semi ovale.  Possibly,  the  much  longer  duration  of  shunting  in  the  human 
case  accounts  for  the  development  of  true  astrocytic  hyperplasia  in 
white  as  well  as  gray  matter.  A less  likely  possibility  is  that  species 
differences  play  a role.  Further  study  is  needed  to  elucidate  these 
points. 

In  most  investigations,  ammonia  metabolism  has  been  clearly  impli- 
cated as  a prime  factor  in  eliciting  encephalopathy.  Regarding  the 
duration  of  the  hyperammonemia,  none  of  the  studies  now  in  the  literature 
has  directly  investigated  this  problem  in  different  animal  species.  In 
this  study  we  did  not  find  a good  correlation  between  the  duration  of 
portacaval  shunting  in  the  chimpanzees  and  the  degree  of  astrocytic 
hyperplasia.  However,  only  three  ammonia  determinations  were  done  during 
the  clinical  course  of  the  animals  in  our  series . More  frequent  determi- 
nation could  be  done  in  future  studies  in  order  to  be  sure  of  this  point. 

The  duration  of  portacaval  shunting  for  the  human  case  in  this  study 
was  more  than  12  years,  and  encephalopathy  had  been  present  for  more  than 
10  years . That  the  astrocyte  hyperplasia  was  not  more  marked  in  this 
material  argues  for  the  view  that  the  ability  of  astrocytes  to  respond 
(at  least  morphologically)  to  hyperammonemia  is  fluctuant  and  limited. 
This  view  fits  with  the  finding  of  Norenberg  and  Lapham  that  astrocytes 
of  the  rat  cerebral  cortex  in  the  terminal  stages  of  encephalopathy 
show  degenerative  changes  at  the  ultrastructural  level. 

9.  Experimental  Schistosoma  japonicum  infection  miniature  pigs. 


Our  knowledge  of  the  pathogenesis  of  pipestem  fibrosis  and  renal 
lesions  occurring  in  man  as  a result  of  infection  with  Schistosoma  japoni- 
cum  has  been  hindered  by  the  lack  of  a suitable  animal  model  in  which 
these  lesions  can  be  reproduced.  The  chimpanzee  is  the  only  such  model 
which  presents  a disease  similar  in  most  respects  to  that  observed  in 
man.  Yet  the  severe  limitations  imposed  by  the  low  availability  and  the 
high  costs  of  purchasing,  housing  and  handling  chimpanzees  make  it 
necessary  to  continue  our  search  for  a suitable  host  which  may  serve  as 
an  additional  model  of  human  disease.  In  view  of  the  physiological 
similarities  between  procines  and  humans,  and  of  the  possible  role  of 
pigs  in  the  transmission  of  S.  japonicura,  it  was  reasonable  to  attempt 
an  evaluation  of  the  susceptibility  of  miniature  pigs  to  schistosome 
infection. 

Eight  10-week  old  pigs  (nos.  5,  6,  7,  8,  10,  11,  12  and  13),  ranging 
in  weights  from  8 to  11  kg,  were  each  exposed  percutaneous iy  to  the 
Japanese  strain  of  S.  japonicum  (UO  cercariae  per  kg  body  weight). 

Cercarie  were  obtained  from  freshly  crushed  Qncomelania  hupensis  noso- 
phora  snails  and  applied  to  the  clipped  groin  area  of  the  anesthetized 
pig.  All  pigs  had  been  born  and  weaned  on  an  experimental  research  farm 
and  were  in  good  general  health,  although  all  animals  harbored  natural 
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Balantidium  coli  infections  and  one  animal  (No.  6)  presented  unfertilized 
Ascaris  ova  in  the  feces.  Weekly  fecal  examinations  were  initiated  5 
weeks  post-exposure  and  attempts  were  made  to  quantitate  fecal  egg 
excretion  in  terms  of  numbers  of  eggs  per  gram  of  feces  (NEPGF)  after 
concentration  by  the  formalin-ether-buffered  alcohol  technique . Adult 
worms  were  recovered  by  perfusion  at  various  times  post-exposure  (Table  V) 
and  tissues  were  obtained  for  histopathologic  examination  and  organ  egg 
assay  by  the  KOH  digestion  method  of  Cheever. 


Fiq  24 

Figure  2b.  Pig  No.  12,  9 weeks  post-exposure.  Single  egg  granuloma  with 
intact  meracidium  and  scattered  lymphoid  cell  infiltrate. 

The  liver  parenchyma  shows  a normally  septate  pattern  (H&E, 

X110). 


T { 


Figure  25.  Pig  No.  5,  23  weeks  post  exposure.  Involuting  granuloma 

containing  egg  shell  remnants  and  mild  concentric  fibrosis. 
Note  bile  duct  inflammation  (arrows)  and  severe  venous  and 
sinusoidal  congestion  (H&E,  X3 00). 

The  parasitologic  data  accumulated  (Table  V)  generally  indicates 
difficulty  in  establishing  acute  S.  japonicum  infections  in  pigs. 
Although  sane  tissue  egg  deposition  had  occurred  in  all  of  6 animals  so 
analyzed,  no  worms  were  recovered  by  extensive  perfusion  and  autopsy  of 
3 of  these  pigs.  Concurrently,  7 of  8 pigs  presented  eggs  in  fecal 
specimens  but  in  none  of  these  did  the  counts  go  above  4 EPSF  and  most 
pigs  presented  negative  stools  after  14  weeks  post-exposure. 

On  pathologic  evaluation  gross  lesions  were  inconspicuous  in  all  of 
the  animals.  Histologically,  all  animals  showed  evidence  of  active  but 
generally  mild  infection  with  a further  apparent  decrease  in  activity 
and  intensity  by  45  to  55  weeks  post- exposure.  One  large  granulcma 
suggestive  of  a dead-worm  focus  was  seen  at  22  weeks  (No.  13).  Whereas 
immature  and  mature  eggs  predominated  in  tissues  obtained  at  9 weeks 
(No.  12)  (Figure  24),  degenerated  and  calcified  forms  abounded  in  all 
later  specimens  (Figure  25).  Few  eggs  were  seen  in  sections  of  small 
intestine;  the  colon  showed  patchy,  active  areas  of  egg  deposition  with 
mild  inflammation  and  only  a few  granulomas  confined  to  the  mucosa  and 
submucosa.  Small  liver  granulomas  containing  single  eggs  (only  about 
1 of  10  granulomas  contained  egg  clusters)  were  seen  mainly  in  the 
portal  spaces.  Macrophages  and  fibroblasts  were  numerous  in  these 
granulomas;  few  neutrophils  were  present.  "Pseudoabscesses"  and 
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Hoeppli  phenomena  were  not  seen  and  histiogranulocytic  granulomas  were 
very  rare.  Involution  of  granulomas  occurred  either  with  (Figure  25) 
or  without  mild  focal  residual  fibrosis . Focal  inflammation  was  minor 
in  all  cases  and  significant  parenchymal  lesions,  or  pipe-stem  fibrosis, 
were  not  seen.  Only  sporadic  granulomas  appeared  in  the  lungs.  The 
spleen  showed  seme  brown  pigment  in  macrophages,  and  the  abdominal  lymph 
nodes  showed  reticular  proliferation  and  an  increased  eosinophilia.  No 
schistosoma  lesions  were  detected  in  samples  of  other  organs  (heart, 
esophagus,  urinary  bladder,  pancreas  or  ovary). 

Non-schistosoma  lesions  included:  active,  mild  cholangitis  with 
minimal  portal  fibrosis  and  marked  abdominal  congestion  (No.  5j  this  anir- 
mal  died  unexpectedly  following  a short  period  of  lethargy  and  anorexia 
and  probably  had  an  enteric  bacterial  superinfection);  and  mild  focal 
interstitial  nephritis  (No.  13). 

The  manifestations  of  schistosomiasis  japonica  in  the  miniature  pig 
turned  out  to  be  minimal.  The  delayed  appearance  of  eggs  in  the  feces, 
the  resultant  extremely  low  egg  counts,  the  rapid  reversion  to  negative 
fecals  and  the  few  stunted  worms  finally  recovered  dispel  this  animal  as 
a model  host  on  parasitologic  grounds . With'  regard  to  pathology,  the 
lesions  of  acute  ’'toxemic"  or  of  severe  chronic  infections  in  man  were 
not  reproduced;  specifically,  no  evidence  of  pipestem  fibrosis  was  found. 
The  mild  degree  of  infection  and  the  modest  tissue  reactions  elicited 
in  pigs  were  reminiscent  of  those  seen  in  other  "hosts  of  limited 
susceptibility"  described  in  earlier  studies  with  S.  mansoni. 

10 . Radioisotope  uptake  and  retention  by  cercariae  and  developing 

Schistosoma  mansoni. 


Our  recent  investigations  on  the  immunology  of  Schistosoma  mansoni 
infections  in  the  inbred  rat  have  been  hampered  by  the  difficulty  in 
differentiating  worm  subpopulations  (immunizing  versus  challenging 
exposures)  within  the  same  host  animal.  When  dealing  with  such  mixed 
schistosome  populations  whose  ages  are  separated  by  only  a few  days, 
morphologic  differentiation  can  be  misleading  because  of  varying  worm 
development  rates.  Radioisotopic  labeling  of  exposure  subpopulations 
may  therefore  offer  a convenient  tool  for  such  differentiation  of 
infection  subpopulations.  In  addition,  the  selective  radiolabeling  of 
developing  schistosomules  might  enable  more  objective  evaluations  of 
various  metabolic  pathways  and  provide  a useful  marker  to  trace  the  fate 
of  schist os omular  products  within  the  host  or  aid  in  vitro  fractionation 
of  these  components.  The  earlier  works  of  Lewert  and  Para,  Bruce  et  al. 
and  Para  et  al.  have  aptly  proven  the  feasibility  of  radiolabeling 
cercariae  and  following  isotope  retention/depletion  throigh  various 
periods  of  development.  Our  studies  were  originated  as  a definitive 
evaluation  of  this  methodology  for  identifying  selective  worm  populations 
and  their  products  for  prolonged  periods  of  time. 


In  Vivo  Methodology.  The  Puerto  Rican  strains  of  S.  mans oni- infected 
Biomphalaria  glabrata  were  maintained  as  previously  described.  Six 
weeks  following  exposure  of  individual  snails  to  7 to  10  miracidia  each, 
patency  was  determined  by  screening  each  snail  for  emerging  cercariae. 

Those  snails  which  were  confirmed  as  positive  were  isolated  in  dark  pans 
containing  4 liters  of  aerated  water,  each  pan  containing  at  least  30 
snails . Isotopes  were  added  to  the  culture  water  and  the  snails  were 
maintained  in  constant  contact  with  this  isotope-water  medium  for  the 
duration  of  the  experiments.  Control  snails  were  maintained  without 
isotope . 

In  an  initial  experiment  3 isotopes  were  used:  a mixture  of  15 
purified  3H-L-amino  acids  (specific  activities:  1.23  - 105  Ci  per  mM  of 
individual  amino  acid;  New  England  Nuclear);  3H-thymidine  (specific 
activity:  20  Ci  per  mM;  New  England  Nuclear);  l^C-formate  (specific 
activity:  5-3  mCi  per  mM;  New  England  Nuclear).  Each  isotope  was  added 
to  one  snail  group  in  a final  concentration  of  1.0  uCi  per  ml  or  0.25  qCi 
per  ml.  Infected  snails  were  allowed  to  incubate  in  the  presence  of 
isotope  for  at  least  6 days  prior  to  mass  shedding  for  cercariae. 

Snails  were  washed  3 times  in  dechlorinated  water  prior  to  photic 
release  of  cercariae.  Pools  of  cercariae  thus  collected  were  counted  in 
0.1  ml  aliquots  and  utilized  for  (l)  rat  exposures,  (2)  schistosomule 
collection,  and/or  (3)  determination  of  cercarial  uptake  of  radioisotope. 
Cercariae  were  obtained  weekly  from  each  snail  group  for  at  least  4 weeks 
to  determine  the  rate  of  isotope  uptake  in  the  intramolluscan  system. 

Inbred  rats  (CDF-Charles  River  Fisher)  were  exposed  to  1000  cercariae 
each  by  tail  immersion,  and  the  developing  schistosomes  were  recovered  by 
perfusion  at  various  intervals  following  infection.  Schistosomules  were 
obtained  following  cercarial  penetration  of  a freshly  excised,  clipped 
rat  abdominal  skin  membrane  and  collection  in  Lactalbumin  Hydrolysate- 
Hanks  Balanced  Salt  Solution,  as  reviewed  by  Stirewalt. 

Determination  of  Radioisotopic  Incorporation.  Radioisotope  uptake 
and  retention  were  determined  by  liquid  scintillation  and  autoradiographic 
procedures.  Samples  of  specimens  to  be  subjected  to  liquid  scintillation 
(cercariae,  schistosomules  or  worms)  were  washed  3 times  in  either  water 
or  absolute  ethanol  and  counted  numbers  of  specimens  from  each  sample  were 
placed  in  liquid  scintillation  vials.  In  later  experiments,  specimens 
were  applied  to  2.4  cm  glass  fiber  filter  discs  (Reeve  Angel  Company)  and 
allowed  to  dry  for  at  least  24  hours  in  the  dark  in  NCS  tissue  solubilizer/ 
POP  toluene  based  scintillation  cocktail  prior  to  counting  in  a Packard- 
Tri  Carb  Liquid  Scintillation  Counter.  As  many  specimens  as  possible  were 
incorporated  into  each  sample  and  radioactivity  was  calculated  in  terms  of 
counts  per  minute  (cpm)  per  specimen  or  per  multiple  of  specimens.  Isotope 
retention  was  determined  as  the  per  cent  retention  of  radioactivity  from 
that  of  the  original  cercarial  pool  from  which  schistosomules  or  develop- 
ing worms  were  derived.  Values  were  adjusted  for  background  counts  through 
the  subtraction  of  the  isotope  incorporation  values  obtained  when 
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identically  treated  unlabeled  specimens  were  utilized.  From  2 to  6 
samples  of  each  specimen  pool  were  used  to  determine  each  experimental 
value . 


Radioactivity  was  also  assessed  oy  autoradiographic  criteria. 
Specimens  were  washed  3 times  in  absolute  ethanol,  heat  fixed  onto  pre- 
cleaned glass  microscope  slides,  washed  for  10  minutes  in  tapwater  (l6°C) 
drained,  dipped  into  Kodak  NTB-2  liquid  emulsion  in  total  darkness, 
gelled  at  4°C,  and  air  dried  for  10  minutes  in  a 37°C  vacuum  oven. 

Slides  were  stored  under  dessication  at  4°  for  8 to  24  weeks  in  a slide 
box  wrapped  with  light  occluding  paper.  The  slides  were  developed  for 
4 minutes  in  Kodak  D-19  developer,  washed  in  water  for  one  minute  and 
placed  into  acid  fixer  for  4 minutes.  The  emulsion  was  scraped  from  the 
back  of  the  slides  prior  to  a final  10  minute  wash.  Specimens  were 
lightly  counterstained  for  7 minutes  in  Harris’  hematoxylin,  washed  for 
an  additional  10  minutes,  dehydrated  in  a grade;}  ethanol  series,  cleared 
in  xylene  and  cover-slipped  with  Permount.  Specimens  were  examined  by 
dark-field  illumination  microscopy  to  provide  a higher  contrast  to 
grains  of  radioactivity. 


Flq  26  Autoradiograph  of  a section  of  Biomphalaria  ghihrnta  illustrating  uniform  labeling 
of  snail  tissue  3 weeks  after  the  introduction  of  isotope  into  the  snail  culture  water.  ["!!]- 
amino  acids.  Bright  field  illumination.  X95. 

Fin  27  Enlargement  of  the  l>ox  area  in  Fig.  1 showing  heavy  radiolabeling  of  intramolluscan 
schistosoma  mansoni  (arrow)  and  surrounding  snail  hepatopancreatic  tissues.  Note  the  ah- 
wtne  of  isotope  in  the  prcacctabular  glands  of  the  cerearia.  [3ll]amino  acids.  Bright  field 
tllti  rn  in  it  ion.  X285. 


In  Vitro  Methodology.  Infected  rat  blood  was  obtained  by  cardiac 
puncture,  clotted  at  4UC and  centrifuged  at  5000  g for  30  minutes . The 
serum  thus  obtained  was  applied  in  a 5 ml  volume  to  a 100  X 2.5  cm 
Sephadex  G-200  column  which  had  been  equilibrated  with  isotonic  Tris- 
PBS  (pH  7.2).  The  sample  was  then  run  anti-gravity  at  a rate  of  10  ml 
per  hour  at  4°C . The  effluent  was  sequentially  chromatographed  on  a 
Sepharose  6B  column  and  collected  in  5 ml  monitored  aliquots  using  a 
LKB  UVTC0RD  III  dual  beam  monitor  and  fraction  collector.  The  presence 
of  immunoglobulin  within  these  aliquots  was  determ  ned  by  precipitation 
with  goat-anti-rat  immunoglobulin  antisera  of  defined  heavy  chain 
specificities.  Both  gel  diffusion  and  slid  phas  adsorption  confirmatory 
procedures  were  utilized.  The  presence  of  schistosome  antigen  was 
established  by  the  specific  inhibition  of  a preestablished  complement 
fixing  antischistosomal  antibody/antigen  reaction. 


Flq  28  Time-course  study  of  radioisotope  uptake  by  intramolluscan  Schistosoma  mansoni 
as  determined  by  liquid  scintillation  counting  of  newly  emerged  cercariae.  Positive  snails  were 
maintained  continuously  in  culture  water  containing  1.0  jiCi  of  isotope/ml.  Experiment  I 
evaluated  the  uptake  of  three  different  isotopes.  Experiment  II  studied  only  [!H]amino  acid 
uptake.  Counts  (epm)  were  adjusted  for  background  radioactivity  within  control  (unlabeled) 
cercariae. 


Radioisotope  Uptake . Radiolabeled  isotopes  were  rapidly  incorporated 
into  the  snail  tissues  and  the  developing  intramolluscan  forms  of  S. 
mansoni.  This  was  readily  demonstrated  by  autoradiography  of  infected 
snail  tissue  sections  (Figures  26  and  27).  The  rates  of  incorporation 
of  radioactivity  in  newly  emerging  cercariae  are  shown  in  Figure  28. 

In  all  cases,  the  most  heavily  labeled  cercariae  appeared  to  be  those 
which  emerged  between  6 and  15  days  following  the  addition  of  isotope. 

This  peak  was  reached  the  earliest  (6  to  9)  days  by  cercariae  incorporat- 
ing 3H-L  -amino  acids  at  a concentration  of  1.0  mCi  per  liter  of  culture 
water.  Additionally,  these  organisms  demonstrated  the  highest  peak  levels 
of  radioactivity  (50  to  63  cpm  per  carcaria).  Two  representative  experi- 


mental  exposure  groups  are  shown.  In  contrast,  cercariae  exposed  to 
3H-thymidine  or  -^C-formate  exhibited  relatively  lower  radioactivity 
incorporation  levels  (peaks  of  32  and  20  cpm  per  cercaria  respectively). 
Regardless  of  the  isotope  used,  the  peak  radioactivity  levels  were  fol- 
lowed by  a rapid  decrease  of  cercarial  labeling.  Counts  for  cercariae 
obtained  25  to  30  days  following  isotope  introduction  to  infected  snails 
represented  only  6 to  30  per  cent  of  the  peak  levels  obtained  at  days 
6 and  15 . 

Whereas  scintillation  procedures  revealed  quantitative  differences 
in  isotope  uptake,  autoradiographs  of  newly  emerged  cercariae  dramatically 
demonstrated  qualitative  morphologic  incorporation  of  radiolabel 
(Figures  29-32).  All  of  the  cercariae  from  snails  incubated  with  any 
of  the  three  isotopes  were  intensely  labeled. 

Radioisotope  Retention.  Figure  38  illustrates  the  liquid  scintilla- 
tion retention  pattern  of  3H-L-amino  acids  following  cercarial  penetra- 
tion and  during  development  in  the  rat  host.  Approximately  50  per  cent 
of  the  label  was  retained  in  schistosomules  obtained  immediately  after 
in  vitro  penetration  of  rat  abdominal  skin  membranes.  The  majority  of 
this  depletion  probably  can  be  attributed  to  tail  loss  during  penetra- 
tion since  radioautography  shows  heavy  labeling  in  this  area.  Worms 
derived  from  the  same  cercarial  pool  and  obtained  by  interval  perfusion 
of  different  rat  groups  demonstrated  a marked  and  rapid  loss  of  isotope 
during  early  worm  development.  By  day  19  post-exposure,  less  than  1 
per  cent  of  the  original  cercarial  label  had  been  retained.  Additionally, 
this  value  was  indistinguishable  either  from  background  counts  or  from 
unlabeled  worms  of  the  same  age. 

Autoradiography  provided  the  sensitivity  necessary  for  revealing 
low  radioactivity  levels  not  detectable  by  liquid  scintillation  criteria. 
Whereas  counts  could  not  be  obtained  after  12  to  19  days  post-exposure, 
autoradiographs  examined  by  dark  field  illumination  showed  distinct 
retention  and  localization  of  isotope  after  3 weeks  of  worm  development 
(Figures  3^-37).  As  with  labeled  cercariae,  there  were  qualitative 
differences  in  the  patterns  of  localization  of  radiolabel  in  the  schisto- 
somules. 3_q_amino  acids  showed  heavily  confluent  localizations  (Figure  36). 
In  the  case  of  3H-amino  acids,  this  pattern  of  radiolabeling  could  be 
obtained  for  as  long  as  6 weeks  of  worm  development  (Figure  37). 

Effects  of  Radioisotope  on  Biological  Parameters.  The  first  question 
to  be  asked  was  whether  the  presence  of  the  radioactive  label  appeared  to 
have  any  adverse  effects  upon  the  developing  snails,  cercariae  or  schisto- 
somules. Accordingly,  the  effects  of  radiolabeling  upon  schistosome 
development  were  evaluated  by  3 basic  criteria  (Table  VI ):  snail  mortal- 
ity, cercarial  production  and  cercarial  penetration  capabilities  in  an 
in  vitro  system  (rat  abdominal  skin).  In  general,  values  so  obtained 
were  within  normal  limits  based  upon  unlabeled  control  values  and  upon 
our  prior  experience  with  the  S.  manscni  life  cycle  maintenance  system. 

In  addition,  morphologic  worm  development  in,  and  recoveries  from,  mice 
and  rats  exposed  to  these  cercariae  were  comparable  with  those  obtained 


Figs  33-36  Autoradiographs  of  3-week-old  Schistosoma  mansoni  from  CDF  rats  which 
were  exposed  to  cercariae  from  the  same  respective  pools  as  those  cereariae  depicted  in  Figs 
4-7.  Worms  were  recovered  hy  perfusion  3 weeks  later.  Slides  were  stored  for  10  weeks  prior 
to  developing.  Note  that  with  dark  field  illumination  the  parasite  gut  is  depicted  as  white 
hut  does  not  imply  concentrations  of  radioactivity.  This  was  confirmed  hy  careful  bright  field 
observations.  Fig.  33  unlabeled  schistosome.  Fig.  34  [‘Iljamino  acid-labeled  schistosome.  Fig. 

35  [3HJthymidine-la belcd  schistosome.  Fig.  36  ["CJformate-labeled  schistosome. 

in  the  numerous  normal  infections  which  we  have  maintained  for  other 
experiments  (data  not  shown).  Indeed,  schistosomule  recoveries  from 
radiolabeled  cercariae  tended  to  be  slightly  greater  than  those  from 
unlabeled  control  groups.  It  is  interesting  to  note  that  the  maximum 
cercarial  production  in  labeled  snails  developed  after  the  peak  radio- 
activity was  obtained  in  cercariae  from  the  same  snail  groups. 

Radioisotopic  Fate . When  the  serum  obtained  from  animals  previously 
exposed  to  10,000  3H-amino  acids-labeled  cercariae  was  chromatographed, 
radioactivity  was  recovered  in  several  discretg  areas,  corresponding  to 
molecules  with  molecular  weights  of  >1CP  to  10  <.  Moreover,  when  these 
individual  peaks  were  analyzed,  multiple  components  were  observed.  For 
example,  foilwing  acid  proprionic  column  chromatography,  the  peak 
corresponding  to  7S  was  found  to  contain  two  components:  one  with  a 
molecular  equivalent  of  7S  which  could  be  precipitated  with  goat-anti- 
rat IgG,  and  another  with  a molecular  equivalent  of  4.5S  which  contained 
the  radioactivity  and  could  competitively  inhibit  a complement  fixation 
reaction  involving  schistosomal  antigen.  That  this  radioactive  profile 
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Fig  37  Autoradiography  of  a 6-week-old  Schistosoma  mansoni  labeled  with  [’HJamino 
acids.  The  procedures  were  the  same  as  described  for  Figs.  8-11.  Dark  field  illumination. 


was  not  due  simply  to  radioisotope  reincorporation  was  further  shown 
through  the  analysis  of  serum  obtained  from  animals  which  were  exposed  to 
unlabeled  schistosomules  and  free  3H-amino  acids  (10X  the  cpm  contained 
within  the  3H-schistosomules ) (Figure  39)-  A much  different  and  lower 
distribution  of  radioactivity  was  obtained.  The  7S  component  again  con- 
tained a low  molecular  weight  fraction  could  inhibit  the  complement  fixa- 
tion reaction,  but  which  bore  no  significant  radioisotopic  label. 

Jewsbury  and  Homewood  have  previously  reviewed  the  history  of  in 
vivo  radiolabeling  attempts.  Their  own  efforts  involved  the  use  of 
3h- 5 -orotic  acid  to  obtain  labeled  cercariae.  Although  some  initial 
success  in  developing  labeled  cercariae  and  worms  was  obtained,  analysis 
of  their  data  is  hampered  by  the  small  numbers  of  animals  used.  A 
variety  of  other  radioisotopes  have  been  used  for  specialized  experi- 
mental purposes,  but  only  two,  radioselenium  and  C-glucose  have  been 
directed  toward  both  the  intramolluscan  uptake  and  the  subsequent  reten- 
tion of  isotope  by  cercariae  and  developing  worms.  The  earlier  work  of 
Cruz,  et  al. , however,  first  established  the  feasibility  of  radiolabel- 
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DAY'S  ECLLCWING  CERCARIAL  PENETRATION 

Fin  38  Radioisotope  ([3H]amino  acids)  reten- 
tion curve  for  developing  Schistosoma  mansoni  in 
CDF  rats.  All  schistosomula  and  developing  worms 
were  derived  from  the  same  cercarial  pool.  The 
cercariae  were  considered  to  have  100%  retention. 

ing  cercariae  (in  thic  ase  by  incubating  S.  japonicum  cercariae  directly 
in  59Fe),  and  tracing  the  retention  of  label  in  worms.  Other  studies 
with  this  isotope  have  all  dealt  only  with  the  molluscan  uptake  and 
distribution  in  infected  or  uninfected  B.  glabrata . 


The  primary  purpose  of  our  experiments,  however,  was  to  develop  a 
system  whereby  the  maximum  amount  of  detectable  isotope  was  incorporated 
and  retained  by  schistosomes  for  a significant  period  of  time.  We  there- 
fore selected  isotopes  on  the  basis  of  their  potential  for  incorporation 
into  relatively  stable  biosynthetic  systems,  as  well  as  for  ease  of 
handling.  By  these  general  criteria  one  could  predict  that  3h- thymidine 
would  be  incorporated  into  nucleic  acid  biosynthesis,  ^C-formate  into 
membrane  biosynthesis  and  3H-amino  acids  into  a variety  of  protein  bio- 
synthetic systems.  These  distributions  were  grossly  confirmed  by  the 
distribution  of  label  within  schistosomular  autoradiographies.  During 
early  schistosome  development,  however,  rapid  s»?orm  growth  and  high 
metabolic  activity  were  apparently  such  that  thymidine  and  formate  were 
rapidly  turned  over  and  eliminated,  hence  quickly  reduced  to  undetect- 
able levels  in  the  parasite.  Our  original  design  was  therefore  more 
readily  met  by  theuse  of  the  3H-amino  acid  mixture.  Analysis  of  con- 
current infections'  of  labeled  and  unlabeled  worm  populations  in  the  rat 
further  indicates  that  no  apparent  exchange  of  isotope  occurred  between 
the  two  sub-populations  of  worms  and  that  a sub-population  may  be 
independently  followed  for  an  appreciable  period  of  time. 

An  additional  advantage  of  3H-amino  acids  is  that  not  only  were  they 
readily  assimilated  by  intramolluscan  developmental  forms,  but  that  newly 
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emerged  cercariae  obtained  during  repeated  sheddings  of  the  same  snail 
group  continued  to  demonstrate  relatively  high  radioactivity  levels.  By 
this  economic  consideration,  therefore,  one  can  make  multiple  usage  of  a 
single  isotope  administration  for  different  experiments,  simply  by 
appropriately  timing  the  schedule  of  snail  shedding.  Eventually,  how- 
ever, the  isotope  is  apparently  turned  over  and  excreted  into  the  culture 
water  in  the  form  of  metabolic  by-products  which  are  not  readily  re- 
incorporated into  developing  cercariae  or  are  diluted  by  competing 
nonlabeled  molecules.  This  is  evidenced  by  the  dramatic  reduction  of 
label  on  cercariae  shed  after  12  to  15  days  of  continuous  snail  incuba- 
tion with  isotope. 

Of  additional  critical  importance  is  the  apparent  lack  of  effect 
by  the  3n-amino  acids  upon  snail,  cercaria,  or  schistosomule  development. 
Numerical,  functional,  and  structural  analyses  have  showed  normal  develop- 
ment by  radiolabeled  moieties,  indicating  that  their  use  is  biologically 
reasonable . 

Lewert  and  Para  initially  proposed  the  use  of  radioisotopes  for 
analysis  of  the  fates  of  worm  components.  Later  studies,  such  as  those 
of  Kusel  et  al.  and  unpublished  work  in  our  laboratories  using  Nal^'~5, 
have  demonstrated  the  ability  to  label  surface  structures  of  schistosome 
immunogens  and  to  specifically  interact  them  with  antibody.  Our  present 
studies  clearly  indicate  that  significant  amounts  of  worm-derived 
material  of  varying  molecular  weights  can  be  obtained  from  the  host  serum 
and  that  at  least  a portion  of  these  components  exist  in  the  form  of 
circulating  immune  complexes.  Moreover,  the  specific  components  of  these 
complexes  or  specific  schistosome  components  derived  through  in  vitro 
analyses  can  be  uniquely  studied  using  their  radioactive  label  as  an 
identification  tracer.  Hence,  the  methodology  described  here  not  only 
enables  the  long-term  simultaneous  evaluation  of  multiple,  apparently 
normal,  subp'opulations  of  schistosomes,  but  also  allows  the  increased 
efficiency  of  both  in  vivo  and  in  vitro  analyses  of  the  products  of  these 
subpopulations . 

11 . Morbidity  to  schistosomiasis  in  a thymic  mice . 

The  principle  morbidity  of  chronic  infection  by  Schistosoma  mansoni 
is  the  development  of  hepato-splenic  portal  hypertension.  This  phenome- 
non is  apparently  related  to  a granulomatous,  cell-mediated,  immune 
response  to  the  schistosome  eggs  which  are  deposited  in  the  capillaries 
of  the  liver.  Indeed,  the  injection  of  S.  mansoni  eggs  intravenously 
can  evoke  a "pseudotubercle"  in  the  lungs  of  normal  mice. 

Warren  and  his  associates  have  demonstrated  that  granuloma  formation 
is  markedly  suppressed  in  thymectomized  chickens.  Conversely,  bursectoray 
had  little  effect.  Studies  utilizing  murine  models  of  granuloma  forma- 
tion are  in  general  consistent  with  the  data  obtained  from  fowl  studies 
in  implicating  cellular  immune  mechanisms  in  granuloma  formation. 

Granuloma  formation  around  eggs  which  have  been  injected  into  previously 


infected  animals  occurs  at  an  accelerated  rate  when  compared  to  the 
rate  of  granuloma  formation  shown  in  uninfected  animals.  This  acceler- 
ated granuloma  formation  can  be  adoptively  transferred  with  cells,  but 
not  serum,  into  syngeneic  recipients.  A number  of  in  vitro  correlates 
involving  a variety  of  cell-mediated  responses  to  egg  immunogen  have 
been  developed.  Immunosuppressive  drugs,  thymectomy,  heterologous  anti- 
lymphocyte serum,  and  antimacrophage  serum  have  all  been  shown  to  reduce 
granuloma  formation. 

However,  recent  studies  have  emphasized  the  uniqueness  of  schisto- 
some granuloma  formation,  since  the  dominant  cell  type  in  this  lesion 
is  the  eosinophil.  Studies  of  Colley,  employing  thymectomy,  antithymic 
serum,  and  cytosuppression  in  various  combinations,  did  demonstrate  that 
T-cell  depletion  led  to  the  expected  marked  reduction  in  the  development 
of  cells  which  exhibited  an  anti-soluble  egg  immunogen  mediated  blasto- 
genic  response  in  vitro,  delayed  dermal  reactivity,  and  reaginic  anti- 
body response  to  S.  mans on i egg  antigen.  Moreover,  blood  eosinophilia 
was  markedly  reduced.  However,  the  lesions  associated  with  egg  deposition 
were  those  of  abscess  formation  with  attendant  severe  host  morbidity 
rather  than  a simple  decrease  in  granuloma  formation. 

The  congenitally  athymic  or  nude  mouse  represents  an  ideal  model 
in  which  to  study  murine  granuloma  formation  in  response  to  S.  mansoni 
egg  deposition  since  it  represents  another  model  of  T-cell  immuno- 
deficiency. Although  the  basic  mechanisms  whereby  the  presinusoidal 
capillary  lesions  are  associated  with  and/or  responsible  for  the  sub- 
sequent portal  hypertension  are  unknown,  there  does  exist  a general 
correlation  between  the  severity  of  granuloma  formation  and  host 
morbidity.  Moreover,  granuloma  formation  is  apparently  related  to  an 
eosinophil  response,  which  in  turn  has  been  shown  to  be  modulated  by 
T-cell  mechanisms.  Therefore,  this  study  was  performed  to  study  the 
relationship  between  eosinophilia,  granuloma  formation,  and  host 
morbidity  in  athymic  mice  infected  with  S.  mansoni. 

Animals . Congenitally  athymic  Nu/Nu  and  litter-mate  heterozygote  Nu/+, 
backcrossed  to  the  BALB/c  line  for  six  generations,  were  obtained  from 
the  U.S.  N.I.H.,  USPHS . Animals  were  maintained  in  germ-free  isolators 
or  under  conditions  of  laminar  flow. 

Schistosome  maintenance  and  animal  exposure.  The  Puerto  Rican  strain 
of  S.  mansoni  was  maintained  as  previously  described.  Life-cycle 
support  hosts  were  albino  strain  Biomphalaria  glabrata  snails  and 
Walter  Reed  strain  albino  (WRm:  (ICR)  BR),  or  C57BL/6,  mice. 

Cercariae  were  shed  from  infected  snails  by  exposure  to  light,  and 
mice  were  exposed  by  tail  immersion  and  penetration  by  the  cercariae 
within  90  minutes  of  photic  release.  Cercariae  viability  was  judged 
by  motility,  and  penetration  was  judged  by  counting  residual  head 
forms  following  exposure.  Both  criteria  were  met  consistently  with  a 
frequency  of  greater  than  95$* 


Assessment  of  parasitic  burden.  Animals  were  killed  by  i.p.  injection 
of  1000  milligrams  sodium  barbitol  and  500  units  of  sodium  heparin  per 
kilogram  of  body  weight.  Mesenteric  and  hepatic  vessels  were  perfused 
with  O.85  saline  via  aortic  cannulation.  The  worms  were  collected  on 
the  filter  paper  disc  using  a suction  apparatus  and  counted  after 
staining  with  Lugol's  iodine. 

Thymic  reconstitution.  Thymic  reconstitution  (TxR)  was  accomplished 
via  4 newborn  (O-36  hrs_  thymus  grafts,  obtained  from  BALB/c  mice, 
inserted  subcutaneously  beneath  the  axillary  skin  fold.  Reconstitution 
was  performed  6 weeks  before  exposure  to  cercariae  and  confirmed  via 
the  demonstration  of  a mitogenic  response  to  Conconavalin-A  in  tissue 
culture  by  lymphocytes  obtained  from  the  reconstituted  animals. 

Determination  of  peripheral  blood  eosinophilia.  Animals  were  bled 
between  1100  and  1300  hours  from  the  lateral  tail  vein.  Free-flowing 
blood  was  aspirated  into  white  cell  pipettes  and  diluted  with  Discombe's 
solution  (5  parts  1$  eosin,  5 parts  acetone,  and  90  parts  water).  The 
cells  were  counted  in  a Speirs-Levy  chamber. 

Histologic  evaluation  of  granuloma  formation.  Tissue  fragments  were 
fixed  in  10$  neutral  formaldehyde.  5h  sections  were  stained  with  Giemsa 
or  hematoxylin-eosin.  Granuloma  size  was  determined  by  the  measurement 
of  two  perpendicular  diameters  at  the  mid-transmiracidial  level  of  the 
egg,  utilizing  a filar  micrometer  eyepiece  (A.H.  Thomas,  Inc.,  Phila., 
Pa.).  All  sections  were  evaluated  in  a coded  manner. 

Determination  of  antibody  formation.  The  Cercarienhullen  reaction  (CHR) 
was  studied  in  a group  of  6 Nu/Nu  mice  that  were  exposed  to  150  cercariae. 
Six,  7 and  8 weeks  after  infection,  2 mice  were  deeply  anesthetized  by 
ether  and  were  exsanguinated  by  heart  puncture.  Serum  was  harvested  by 
conventional  techniques  and  frozen.  Sera  were  tested  by  placing  two 
drops  of  each  sample  in  a depression  slide  and  adding  10  freshly  shed 
cercariae  to  each  preparation.  The  cavity  was  ringed  with  vaseline  and 
sealed  with  a coverslip.  Incubation  proceeded  for  2 hours  at  room 
temperature  after  which  the  parasites  were  examined  under  a microscope 
at  lOOx.  Controls  employed  serum  from  Nu/+  mice  infected  with  150 
cercariae  8 weeks  earlier.  CHR  presence  was  graded  by  sheath  size  and 
expressed  by  +'s;  ++++  represented  a fully  formed,  7u  strong  CHR  sheath, 
while  0 was  used  as  the  point  indicating  no  distinct  precipitate. 

Specimens  of  duodenum  and  spleen  were  also  obtained  and  processed  utiliz- 
ing a fluorescent  antibody  technique  for  the  detection  of  tissue  immuno- 
globulins. Specific  antisera  to  mouse  IgA,  IgM,  and  IgG  were  employed. 

Determination  of  portal  pressure.  Portal  pressures  were  measured  with  a 
pressure  transducer  utilizing  a solution  of  saline,  containing  Vjo  Tween- 
20  and  20  units  of  heparin  per  ml.  Measurements  were  calibrated  against 
the  saline  column  and  corrected  appropriately.  The  needle  was  placed  in 
the  portal  vein  and  pressures  determined  from  above  and  below,  one  minute 
after  entering  the  vein. 
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Animals  were  exposed  to  100  cercariae  9 weeks  before  study. 
Reticuloendothelial  system  activity:  carbon  clearance: 


Determination  of  reticuloendothelial  function.  Reticuloendothelial 
activity  was  determined  by  the  injection  of  a stable  colloidal  carbon 
suspension,  16  mg/gm  body  weight,  as  described  by  Corson.  Freshly 
centrifuged  Pelikan  (Cll/l431a)  was  injected  into  the  tail  vein  and 
repeated  blood  samples  were  removed  from  the  retroorbital  plexus,  1,  2, 
4,  8,  and  l6  minutes  subsequent  to  injection,  utilizing  heparinized 
calibrated  capillary  tubes.  Following  lysis  in  o.l%  NagCO^,  carbon 
levels  were  determined  by  measurement  of  residual  spectrophotometric 
light  scatter.  The  rate  of  carbon  clearance  was  calculated  by  the  for- 
mula: 


K = (log  cone,  a - log  cone,  b) 

(ta  - tb) 

utilizing  linear  analysis  of  the  curve  of  best  fit,  as  determined  by 
minimum  "r"  value . 

Data  analyses . All  data  given  represent  the  mean  + 95 % confidence  inter- 
val for  that  group.  Statistical  significance  was  evaluated  using  the 
Student's  T test  and  linear  transformations. 

Assessment  of  parasitic  burden.  Nu/Nu/  and  Nu/+  mice  were  exposed  to 
25,  50,  or  100  cercariae  and  sacrificed  6 weeks  later.  As  shown  in 
Table  VII,  when  animals  were  exposed  to  25  cercariae,  a slightly  higher 
percentage  of  cercariae  developed  into  adult  worms  in  the  Nu/Nu  mouse 
when  compared  to  the  Nu/+  control.  However,  it  must  be  added  that  this 
difference,  while  suggestive,  was  not  significant  at  the  95%  confidence 
level;  no  difference  in  survival  was  observed  wh ^n  50  (data  not  shown) 
or  100  cercariae  were  utilized.  The  size  of  the  worms  which  developed 
in  the  nude  mouse  were  also  slightly  larger,  although,  again,  this 
difference  was  not  statistically  significant. 

Assessment  of  thymic  reconstitution.  As  an  index  of  thymic  reconstitu- 
tion, the  spleen  cells  of  selected  animals  were  obtained  at  the  time  of 
cercarial  exposure  and  cultured  in  the  presence  of  Conconavalin-A  (10 
Mg/ml).  As  shown  in  Table  VIII,  a significant  increase  in  mitogen 
response  was  consistently  observed.  In  addition,  a significant  increase 
in  Gq  levels  after  thymic  reconstitution  was  noted  in  10  of  11 
additional  animals  chosen  at  random  for  screening. 

Determination  of  peripheral  blood  eosinophilia.  It  has  been  previously 
suggested  that  the  development  of  eosinophilia  following  exposure  to 
S.  mans on i may  be  the  result  of  a mechanism  lependent  upon  an  adequate 
response  by  T dependent  lymphocytes.  To  test  this  hypothesis,  Nu/Nu, 
Nu/Nu/  TxR,  and  Nu/+  were  exposed  to  50  cercariae  and  bled  at  weekly 
intervals  for  the  determination  of  blood  eosinophil  levels.  As  shown  in 
Figure  40,  the  Nu/Nu  mouse,  when  exposed  to  S.  mansoni,  failed  to 
develop  significant  eosinophilia  when  compared  to  either  the  Nu/+  or 
Nu/Nu  TxR  infected  controls. 
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TABLE  VIII 

Effect  of  thymic  reconstitution  on  response  of  NulNu  mouse  spleen 
cells  to  mitogens 


Animal 

Addition  of 
Con  A 

cmp° 

N+/NP 

Nu/Nu 

+ 

2.1  ± 1.2 

0/14 

- 

1.1  ± 0.7 

Nu/  + 

74.6  ± 13.5 

12/12 

- 

1.3  ± 0.6 

Nu/Nu  TxR 

+ 

49.6  ± 8.3 

11/12 

- 

4*. 

1 + 

© 

co 

0 Cpm  3H-thymidine  incorporation.  0.5  x 10''  cells  were  cultured 
in  microtiter  plates  for  60  hr  before  a terminal  4-hr  incubation  in  the 
presence  of  0.5  /xCi/ml  of  3H-thymidine,  preceding  culture  termina- 
tion by  an  automated  cell  harvestor.  Mean  ± 95%  confidence  inter- 
val. 

6 Number  of  animals  showing  a significant  blastogenic  response  to 
Con  A/number  of  animals  tested. 


Determination  of  granuloma  formation.  Because  a dominant  cell  type  in 
the  granuloma  associated  with  egg  deposition  within  the  liver  has  been 
described  as  an  eosinophil,  it  next  became  of  importance  to  determine 
the  size  of  the  granulomata  and  the  nature  of  the  cellular  constituents 
composing  them.  As  shown  in  Table  IX,  the  granulomata  were  signifcantly 
smaller  in  Nu/Nu  mice  when  compared  to  either  Nu/+  or  Nu/Nu  TxR  control 
animals.  Representative  examples  of  the  granulomas  from  Nu/Nu  and  Nu/+ 
mice  are  shown  in  Figure  4l.  Histologic  examinations  showed  that  the 
major  cause  of  this  decrease  appeared  to  be  a relatively  selective 
diminution  in  the  number  of  eosinophils  within  the  granuloma.  lympho- 
cytes and  other  mononuclear  cells  also  appeared  to  be  decreased,  but  to 
a lesser  degree.  However,  granuloma  disruption  and  exact  cell  enumera- 
tions were  not  performed.  Granulomas  from  Nu/Nu  TxR  mice  were  indistin- 
guishable from  those  found  in  Nu/+  animals  both  size  and  histologic 
composition.  Adult  worms  were  also  occasionally  observed  in  the  livers 
of  these  mice.  Again,  it  was  noteworthy  that  virtually  no  reaction  in 
Nu/Nu  mice  occurred  about  these  worms  (Figure  42).  In  contrast,  infil- 
trates, consisting  of  a variety  of  mononuclear  and  polymorphonuclear 
cell  types,  were  observed  around  the  adult  worms  found  in  the  livers 
of  Nu/+  mice.  Nu/Nu  TxR  mice  exhibited  a similar  reaction  to  that 
shown  by  the  Nu/+  animals . 

Determination  of  antibody  formation.  In  addition  to  a reduction  of 
granuloma  formation  in  Nu/Nu  animals,  there  was  also  a significant 
impairment  of  the  production  of  CHR  antibody  in  this  group.  No 
reaction  was  detected  in  any  serum  from  Nu/Nu  mice,  whereas  positive 
CHR  reactivity  ranging  from  + to  ++++  was  seen  utilizing  sera  obtained 
from  all  Nu/+  mice  tested.  Immunocytofluorescence  studies  demonstrated 
cells  demonstrated  cells  producing  immunoglobulins  of  all  classes  in 
the  lamina  propria  of  the  small  intestine  and  in  the  spleens  in  both 
Nu/Nu  and  Nu/+  mice.  Quantitative  comparisons  were  not  attempted. 


DEVELOPMENT  OF  PERIPHERAL  BLOOD  EOSINOPMILIA  IN  NUDE  MICE 
FOLLOWING  EXPOSURE  TO  S MANSONI  CERCARIAE 


Figure  4 0^eve'°Pment  peripheral  blood  eosinophilia  in  nude 

mice  after  exposure  to  S.  mansoni  cercariae.  Nu/  + (• •),  Nu/Nu 

(x x),  and  Nu/Nu  TxR  (O O)  mice  were  exposed  to  50  cercar- 

iae and  bled  at  weekly  intervals  for  the  determination  of  peripheral 
blood  eosinophilia.  Significantly  greater  eosinophilia  was  observed 
with  the  Nu/+  and  Nu/Nu  TxR  animals  when  compared  to  the  Nu/ 
Nu  animals. 


Determination  of  host  morbidity.  It  is  postulated  that  the  degree  of 
host  morbidity  is  in  some  way  related  to  the  granulomatous  processes 
within  the  liver.  Accordingly,  an  attempt  was  made  to  study  various 
anatomic  and  functional  characteristics  of  animals  infected  with  100 
cercariae  8 weeks  before  sacrifice  (Table  X).  Because  of  considerable 
variation  in  the  "normal  values"  for  each  experimental  group,  compari- 
sons of  absolute  values  between  all  groups  is  difficult.  However, 
comparisons  between  infected  and  uninfected  members  of  each  group  is 
more  feasible.  All  of  the  changes  between  infected  and  unexposed 
animals  of  a given  group,  as  shown  in  Table  X,  are  significant  at  the 
95 io  confidence  level  with  the  exception  of  liver  weight  and  reticulo- 
endothelial clearance  rate  changes  in  the  Nu/Nu  group.  Nu/Nu  mice,  when 
compared  to  Nu/+  or  Nu/Nu  TxR  controls,  developed  considerably  less 
splenomegaly  and  hepatomegaly.  In  addition,  the  portal  pressure  and 
reticuloendothelial  clearance  rates  increased  much  less  in  Nu/Nu  than 
the  Nu/+  or  the  Nu/Nu  TxR  control  animals.  The  relative  changes  in  each 
of  these  parameters  is  summarized  in  Figure  42.  Note  that  the  per- 
centage changes  are  plotted  logarithmically. 

These  studies  suggest  that  the  development  of  the  eosinophilia,  granuloma 
formation,  and  host  morbidity  which  is  associated  with  infection  by 
S_.  mansoni  are  controlled  by  thymic  dependent  immune  mechanisms.  In 
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this  regard,  they  are  consistent  with  previous  observation  in  this  area. 
Since  thymic  derived  lymphocytes  have  recently  been  implicated  in  the 
production  of  a soluble  mediator  which  is  capable  of  stimulating  the 
migratory  characteristics  of  these  cells  in  vitro  and  the  level  of 
circulating  eosinophils  in  vivo,  it  is  intriguing  to  implicate  this  as 
a possible  mechanism  in  the  mobilization  and  recruitment  of  cells  for 
the  formation  of  granulomas.  Indeed  recent  studies  have  supported  the 
hypothesis  that  the  induction  of  blood  eosinophilia,  utilizing  large 
latex  particles  coated  with  human  gammaglobulin,  may  indeed  also  be 
mediated  by  T lymphocytes.  Since  these  latter  studies  and  schistoso- 
miasis share  the  phenomenon  of  embolic  delivery  of  large,  relatively 
bound  immunogens  to  the  pulmonary  capillary  bed,  it  is  intriguing  to 
further  conjecture  that  the  eosinophilic  response  is  in  some  way  related 
to  this  unique  anatomic  compartmentalization  of  immunogen  presentation. 


Previous  studies  by  Colley,  utilizing  thymectomized-irradiated  or 
thymectomized-anti-thymocyte  serum  treated  mice,  indicated  that  the 
histopathologic  response  to  egg  deposition  in  these  animals  is  predomi 
nantly  one  of  liquefactive  necrosis  with  bacterial  invasion  and  severe 
parenchymatous  destruction.  Although  the  granulomas  formed  in  these 


Nu/+ Heterozygote 


Nu/Nu  Homozygote 

Figure  41  Histologic  sections  of  representative  granulomas  in  Nu/ 
+ and  Nu/Nu  mice.  Significantly  larger,  more  cellular  granulomas 
were  noted  with  the  Nu/  + animals,  hematoxylin-eosin  x 100. 
Higher  magnification  of  granulomas  demonstrates  that  a major 
cause  for  the  decreased  cellularity  of  Nu/Nu  mice  of  the  granulomas 
was  due  to  the  relatively  selective  depletion  of  eosinophils,  (*-), 
hematoxylin-eosin  x 600.  (Granulomas  found  in  Nu/Nu  TxR  ani- 
mals were  indistinguishable  either  by  size  or  histologic  composition 
from  those  found  in  Nu/+  animals.) 
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animals  were  small,  the  resultant  clinical  course  of  the  infected 
animals  was  one  of  marked  morbidity  and  mortality.  In  contradistinction, 
the  nude  mouse  apparently  develops  suppressed  granuloma  formation  and 
actually  exhibits  reduced  morbidity  when  assessed  in  terms  of  organ  size, 
portal  hypertension  and  reticuloendothelial  activity.  These  latter  two 
functions  may  be  general  physiologic  correlates  to  the  severity  of  the 
development  of  pathologic  reaction.  It  can  be  conjectured  that  the 
Nu/Nu  mouse  retains  certain  mechanisms  relating  to  its  ability  to  deal 
with  the  invading  organisms,  which  might  be  lost  by  the  exogenously 
suppressed  animal.  In  addition,  these  Nu/Nu  animals  were  maintained 
in  germ-free  isolators  and  perhaps  protected  from  infection  or  other 
environmental  stresses  with  greater  efficiency. 

The  observation  that  increased  eosinophilia,  granuloma  formation, 
organ  size,  portal  pressures,  and  reticuloendothelial  activity  occurred 
in  the  thymic  reconstituted  animals  clearly  showed  that  the  increase 
in  morbidity,  due  to  the  infection,  was  a result  of  interactions  involv- 
ing thymic  dependent  immune  mechanisms . Indeed  the  Nu/Nu  TxR  animals 
more  closely  resembled  the  Nu/+  than  the  Nu/Nu  animal.  This  is  taken  as 
strong  evidence  that  the  thymic  function  of  the  animal  was  responsible 
for  the  observed  differences  between  the  Nu/+  and  Nu/Nu  animals.  De- 
creased morbidity  in  congenitally  deficient  mice  when  compared  to  pheno- 
typically  normal  litter  mates  is  not  unique  to  schistosomiasis.  For 
example,  increased  resistance  of  Nu/Nu  mice  toward  African  trypanosomia- 
sis and  systemic  candidiasis  has  been  observed. 


TABLE  IX 

Granuloma  formation  in  NuINu  mice 


Animal0 

Granuloma6 

Percentage 

Probability' 

yjn 

Nu/+ 

197  ± 38 

Nu/Nu 

76  ± 21 

38 

<0.05 

Nu/Nu  TxR 

162  ± 41 

82 

N9 

" Animals  were  exposed  to  100  S.  mansoni  cercariae  9 weeks 
before  sacrifice. 

" Mean  granuloma  diameter  ♦ 95%  confidence  interval. 
r Percentage  of  heterozygous  control  granuloma  size. 

" Statistical  significance  us  Nu/+  control;  Student’s  t-test. 

' NS,  not  significant. 


These  studies  represent  a preliminary  description  of  the  response 
of  Nu/Nu  mice  to  infection  with  Schistosomiasis  mansoni . Although  they 
clearly  indicate  a thymic  dependency  of  the  eosinophilia,  granulomatous 
hypersensitivity,  and  host  morbidity  upon  intact  thymic  function,  a 
number  of  questions  remain  unanswered.  For  example,  what  are  the 
alterations  of  effector  mechanisms  whereby  the  basic  pathophysiology  is 
altered  within  the  Nu/Nu  mouse?  Studies  employing  soluble  egg  antigen 
induced  blastogenesis , immunogen  binding,  antibody  formation,  mediator 


release  and  subpopulation  analysis  will  be  necessary  to  answer  this 
question. 

The  failture  to  observe  antibody  production  as  determined  by  the 
CHR  test  is  an  example  of  the  complex  relationships  which  must  be 
evaluated.  The  findings  are  consistent  with  a T-cell  helper  influence 
upon  B cell  antibody  production.  Previous  studies  have  emphasized  an 
inverse  relationship  between  T cell  competence  and  antibody  formation 
in  normal  mice . It  is  probable  then  that  both  the  immune  responses  and 
the  secondary  or  modulating  responses  will  be  altered  in  the  nude  mouse 
model.  It  may  be  of  interest  in  this  regard  that  it  has  not  been 
possible  to  produce  accelerated  granuloma  formation  in  the  nude  mouse. 


DEVELOPMENT  OF  ANATOMIC  ANO  FUNCTIONAL 
MORBIDITY  IN  NUDE  MICE  FOLLOWING  EXPOSURE 
TO  S.  MANSONI  CERCARI AE 
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Figure  Q 2 Development  of  anatomic  and  functional  morbidity  in 
mice  after  exposure  to  S.  mansoni  cercariae.  Nu/Nu  (C3  ),  Nu/  + 

( EH3 ),  and  Nu/Nu  TxR  < E3  I animals  were  sacrificed  8 weeks  after 
infection  with  100  cercariae.  A number  of  parameters  were  studied, 
spleen  weight,  liver  weight,  portal  pressure,  and  reticuloendothelial 
activity.  Significantly  greater  morbidity,  judged  by  the  above  four 
criteria,  was  noted  in  the  Nu/Nu  animals  (Note:  Scale  is  logarith- 
mic.) 


Another  area  of  concern  involves  the  importance  of  T cell  dependent 
mechanisms  in  host  resistance  to  S.  mansoni . Such  mechanisms  have  been 
elucidated  in  the  rat.  However,  mechanisms  may  well  not  be  analogous 
between  the  two  species.  It  would  appear  that  gross  worm  development 
in  nude  mice  is  excellent,  perhaps  slightly  superior  to  that  which  occurs 
in  heterozygotes.  However,  a precise  ultrastructural  analysis  and 
functional  evaluation  of  the  worms  remains  to  be  performed.  Signifi- 
cant questions  also  remain  to  be  asked  regarding  the  importance  of  T 
cell  mediated  mechanisms  in  the  resistance  to  reinfection  and  ability 
to  modulate  granuloma  formation.  Here  it  is  of  interest  to  note  that 
although  nude  mice  produce  a variety  of  antibodies  against  schisto- 
somal antigens,  they  develop  only  limited  augmented  resistance  to 
reinfection,  and  their  cells  fail  to  manifest  a variety  of  in  vitro 
reactivities  against  schistosomal  immunogens  including  blast  transfor- 
mation and  the  release  of  various  biologically  active  products. 

Similarly,  a decreased  histologic  response  against  intravenously  in- 
jected schistosomula  has  been  observed  in  previously  exposed  nude  mice 
by  Sher,  et.  al.  It  is  hoped  that  subsequent  studies,  involving  the  use 
of  nude  mice  may  help  to  clarify  some  of  these  mechanisms  of  resistance 
to  and  morbidity  from  schistosomiasis. 

12 . The  immune  response  to  schistosomiasis  in  rats. 

Schistosomiasis  represents  a world  health  problem  of  immense  pro- 
portion affecting  an  estimated  200-300  million  individuals . Intensive 
efforts  utilizing  a variety  of  control  techniques  have  indicated  that 
current  public  health  efforts  per  se  are  inadequate  to  prevent  the 
increasing  spread  of  the  disease.  Accordingly,  control  through  immuno- 
prophylaxsis  and  treatment  through  immunotherapy  might  be  of  immense 
benefit.  A better  understanding  of  those  mechanisms  which  are  operative 
in  the  immune  response  to  schistosomiasis  is  a prerequisite  for  the 
optimal  development  of  such  a program,  and  intense  effort  has  been 
devoted  to  the  assessment  of  host  resistance  phenomenon  which  may  occur 
either  innately  or  "naturally"  or  be  induced  by  specific  immunologic 
mechanisms . 

Recently,  a variety  of  experimental  models  have  been  developed 
which  provide  the  opportunity  to  more  accurately  assess  host  defense 
mechanisms  during  schistosome  infection.  We  have  studied  previously 
the  characteristics  of  the  cellular  and  humoral  response  to  S.  mansoni 
infections  in  inbred  rats  during  initial  exposure.  The  results  indicate 
that  the  kinetics  of  this  infection  were  strongly  influenced  by  the  age 
of  the  host  and  the  magnitude  of  cercariae  exposure.  The  initial  immune 
response  to  infection  appeared  to  be  mediated  by  a population  of  thymus- 
derived  lymphocytes.  The  -ole  of  serum  was  complex:  it  appeared  to 
modulate  cellular  immunit  and  to  directly  promote  worm  survival  in  a 
manner  analogous  to  classic  enhancement  during  the  earlier  phases  of 
infection;  subsequently,  as  the  protective  capacity  of  lymphocytes 
appeared  to  wane,  antibody  apparently  developed  a more  dominantly 
protective  role. 


The  clinical  setting  of  schistosomiasis,  however,  involves  repeated 
exposures.  Accordingly,  our  studies  were  extended  to  evaluate  the 
cellular  and  humoral  responses  to  S.  mansoni  infections  in  inbred  rates 
during  re-exposure.  These  initial  experiments  describe  the  response  of 
Fischer  rats  to  re-exposure  to  S.  mansoni  and  define  the  kinetics  of 
the  observed,  immunologically  mediated,  augmented  resistance.  In 
addition,  they  define  the  nature  of  the  target  and  describe  certain 
basic  aspects  of  the  mechanisms  of  the  phenomenon  of  immunologic 
resistance . 

Schistosome  maintenance  and  animal  exposure.  The  Puerto  Rican 
strain  of  S.  mansoni  was  maintained  as  previously  described.  Life  cycle 
support  hosts  were  albino  strain  Biomphalaria  glabrata  snails  and  Walter 
Reed  strain  albino  Wrm:  (ICR)BR  mice.  Vertebrate  exposures  and 
assessment  of  parasite  burdens  were  performed  as  described  in  previous 
experiments.  Unless  otherwise  noted,  4-1/2  to  5-week-old  (40-60  gm) 
male  rats  of  the  Charles  River  Fischer  strain  (CDF)  were  used  in  the 
study.  A total  of  2,640  animals  were  used. 

Radioisotopic  techniques . Radioactive  populations  of  cercariae 
were  produced  by  the  addition  of  one  juCi  per  ml  of  water  of  tritiated 
amino  acids  at  the  time  of  initial  confirmation  of  intramolluscan 
infection.  Fourteen  to  21  days  after  the  addition  of  the  radioactivity, 
the  snails  were  exposed  to  light  and  the  resultant  cercariae  utilized 
as  the  radioactive  population  of  infecting  cercariae.  The  worm  popula- 
tions were  obta:ned  by  perfusion,  heat  fixed  and  dipped  in  Kodak  NTB-2 
emulsion.  Following  10- 16  weeks  of  incubation  under  dessication  at  4°C, 
the  radioautographs  were  developed  using  Kodak  Dektol  solution.  Radio- 
labelling was  determ  ned  by  microscopic  examination  under  dark  field 
illumination.  Cercariae  of  schistosomules  were  considered  to  be  positive 
if  the  number  of  grains  above  the  work  was  three-fold  that  of  the 
surrounding  background  density.  The  details  of  this  methodology  have 
previously  been  described. 

Cell-transfer  experiments.  Peritoneal  exudate  cells  were  harvested 
by  peritoneal  lavage  with  iced  L-15  media  (Leibovitz,  GIBCO),  containing 
heparin  (10  units  per  ml  without  preservative,  Flow  Laboratories),  three 


days  following  an  intraperitoneal  injection  of  25  ml  of  light  mineral 
oil  (Marcol  55)-  The  cells  were  washed  twice  in  media,  then  filtered  at 
37°  through  columns  containing  Fenwall  nylon  wool  as  previously  described. 


The  non-adherent  population  was  washed  and  subsequently  utilized  in  the 


cell  transfer  experiments. 


Serum  transfer  experiments.  Animals  were  exsanguinated  by  cardiac 
puncture.  Blood  was  allowed  to  clot  at  37°C  for  30  minutes,  and  to  retract 
for  four  hours  at  4°C  and  was  then  centrifuged  at  1500  xg  for  20  minutes 
at  4°C.  The  sera  were  stored  at  -70°C  until  used.  Immediately  before 
intravenous  injection  into  recipient  animals,  all  sera  were  again 
centrifuged  and  sterilized  by  filtration  (0.45  mu,  Millipore  Corp.). 

Sera  were  fractionated  as  previously  described.  Procedures  included: 
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Gel  filtration  utilizing  Sephadex  G-200  (Pharmacia);  QAE  chromatography 
utilizing  QAE-Sephadex  A-50  (Pharmacia);  and  Immunoadsorbent  chromato- 
graphy utilizing  goat  anti-rat  IgG,  covalently  linked  to  sieved  G-200 
Sephadex  (Pharmacia)  by  cyanogen  bromide. 

In  Vitro  determination  of  antibody  activity.  Indirect  hemaggluti- 
nation antibody  activity  was  determined,  utilizing  sheep  red  blood  cells 
to  which  schistosomal  antigen  had  been  previously  coupled  through  the 
use  of  tannic  acid.  Complement  fixation  activity  was  determined  utiliz- 
ing antigen  block  titrations  and  freshly  standardized  guinea  pig  serum. 

Determinations  of  the  development  of  resistance.  Animals  were 
exposed  to  an  initial  cercarial  (Cowk)  population  and,  4 weeks  later, 
divided  into  two  groups.  A portion  of  the  animals  served  as  an  initial 
exposure  control,  and  a portion  was  exposed  to  a second,  radiolabeled 
population  of  cercaria  (Cl^^) . Additional  age-matched  animals  were 
exposed  only  to  the  infection.  Specific  augmented  resistance  to  the 

second  or  re-exposure  cercariae  population  was  calculated  by  the  formula: 


where:  A = the  number  of  worms  resulting  from  the  C4W^  single  exposure, 
and  B = the  number  of  worms  surviving  from  the  C4wk  population  of  doubly 
exposed  animals . 


When  radiolabeled  populations  of  worms  were  not  used,  augmented 
resistance  was  calculated  by  the  formula: 


A - (B-C) 
A 


x 100, 


where:  A = the  number  of  worms  recovered  from  challenge  (0^^)  infection 
control  animals,  B = number  of  worms  recovered  from  doubly  infected 
animals,  and  C = the  number  of  worms  recovered  from  the  primary  exposure 
(CQwk  control  animals). 


Data  analysis.  All  data  points  represent  the  mean,  and  intervals 
represent  the  95%  confidence  interval  of  group  determinations  (n  > 6). 
Statistical  analyses  utilized  Student's  t-tests  and  arithmetic  con- 
versions . 


Kinetic  studies  on  the  development  of  augmented  resistance  following 
initial  exposure  to  S.  mansonl.  Previous  studies  have  indicated  that 

following  an  initial  exposure  to  S.  mansoni,  the  rat  developed  augmented 
resistance  to  reinfection.  To  more  accurately  assess  this  phenomenon, 
it  became  necessary  to  discretely  evaluate  multiple  populations  of 
schistosomules  developing  simultaneously  within  the  same  host.  It  was 
possible  to  follow  with  great  accuracy  the  distinct  subpopulations  of 
worms  through  the  method  of  radiolabelling  selected  populations  (Table  XI ). 


TABI.K  XI 

Ellen  l ul  Initial  Exposure  to  Cercuriuc  iijk)ii  Subsequent  Exposure  Development 


Age  of  Number  of  Number  of  worms 

exposure®  worms6  positive' 


4 — 18  ± 7 0 

— 8 mJ  97  ± 13  95  ± 18# 

4 8 • 24  ± 11  7 i 6# 


® Animals  were  exposed  to  1000  S.  nmnsoni  cercariae  at  either  4 or  8 weeks  of  age,  or  at  both  4 
and  8 weeks  of  age. 

b Mean  number  of  worms  recovered  at  perfusion. 

e Mean  number  of  worms  bearing  tritiated  amino  acid  by  radioautographie  criteria. 

d The  cercariae  population  used  to  expose  animals  at  8 weeks  of  age  was  obtained  from  snails 
cultured  in  water  containing  tritiated  amino  acids  (•).  Animals  were  also  exposed  at  8 weeks 
to  unlabeled  cercariae  and  simultaneously  injected  with  tritiated  amino  acids  (10X  the  cpm  of 
that  shown  by  radiolabeled  cercariae).  W orms,  14  of  460,  which  developed  from  that  cercariae 
pool  were  subsequently  found  to  carry  significant  amounts  of  tritiated  amino  acids  by  radio- 
autographic criteria. 


Animals  were  exposed  to  1000  cercariae  each  either  at  4 weeks  of  age,  at 
8 weeks  of  age,  or  at  both  4 and  8 weeks  of  age.  The  cercariae  utilized 
for  the  8 weeks  exposure  were  labeled  with  tritiated  amino  acids. 
Utilizing  radioautography,  virtually  all  of  the  radioactive  worms  could 
be  detected  via  the  demonstration  of  their  retention  of  significant 
radioactivity.  In  addition,  when  animals  were  doubly  exposed,  the 
second  population  of  cercariae  developed  very  poorly  (here  shown  as  a 
reduction  from  a mean  of  95  to  7 worms,  or  approximately  9<y/o) . it  is 
also  of  interest  that  the  number  of  worms,  surviving  from  the  initial 
infection,  was  not  significantly  affected  by  the  exposure  to  a second 
cercarial  population.  That  is,  the  mean  (24-7)  of  17  unlabelled  worms 
present  after  double  exposure  in  the  third  group  is  very  similar  to  the 
mean  of  18  worms  seen  in  the  (single  exposure)  first  group. 

Initial  studies  also  demonstrated  that  the  pattern  of  resistance 
development  was  critically  dependent  on  a number  of  factors.  One  of 
these  was  the  number  of  cercaria  which  constituted  the  initial 
exposure . In  studies  employing  varying  numbers  of  cercariae  in  the 
initial  exposure,  it  was  found  that  augmented  resistance  to  re- 
infection could  be  induced  by  exposure  to  as  few  as  30  worms  (Figure 
43).  Resistance  continued  to  increase,  with  increasing  initial 
exposure,  reaching  a maximum  following  an  initial  exposure  of  between 
300  and  1000  cercariae.  Because  of  these  findings,  all  subsequent 
studies  utilized  an  initial  exposure  of  1000  cercariae. 


Our  studies  next  turned  to  the  rate  of  development  of  specific 
resistance  to  re-exposure  to  S.  mansoni . Animals  were  exposed  to  an 
initial  infection  of  S.  mansoni  and  then  reexposed  simultaneoulsy  and/or 
at  weekly  intervals  thereafter  to  a second,  radiolabeled  population  of 
worms.  Specific  augmented  resistance,  again  defined  as  a significant 
reduction  in  the  number  of  developing  adult  worms  from  the  second  exposure, 
occurred  as  early  as  one  week  following  initial  exposure  to  S.  mansoni . 

A peak  of  resistance  was  reached  approximately  6 to  8 weeks  after  exposure 
(Figure  44) . 

The  effects  of  the  initial  exposure  upon  the  development  of  the 
second  population  of  cercariae  into  adult  worms  was  apparently  reflected 
both  in  terms  of  quantitative  recovery  of  worms  and  qualitative  effects 
upon  them  (Figure  45).  Animals  were  initially  exposed  to  1000  unlabeled 
£.  mansoni  cercariae.  They  were  subsequently  exposed  either  7 or  21 
days  later  to  radiolabeled  cercariae.  Simultaneously  previously  unex- 
posed, age-matched  control  animals  were  exposed  for  the  first  time  to 
radiolabeled  cercariae.  The  animals  were  then  sacrificed  21  days  later 
and  perfused.  The  isotope  retention  per  form  was  determ  ned  and  compared 
to  the  radioactivity  incorporated  into  the  initial  schistosomule  pre- 
paration. The  results  indicate  that  with  increasing  resistance,  indi- 
cated here  as  the  dotted  line  representing  the  per  cent  reduction  of 
challenge  worm  burden,  the  percentage  of  isotope  retained  by  the  worms 
also  increased.  These  data  are  consistent  with  an  adverse  quantita- 
tive effect  upon  the  general  metabolic  activity  of  the  worm.  With  this 
decrease  of  general  metabolic  activity,  a decrease  in  the  turn-over  rate 
of  the  endogenous  radiolabeled  aminoacid  pool  and  an  increase  in  the 
percentage  of  retained  radiolabel  would  be  predicted.  The  results  are 
consistent  with  such  an  interpretation. 
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Fig  43  Ration  ship  between  number  of  immunizing  cercariae  and  the  subsequent  development 
of  immunogically  mediated  resistance : Animals  were  exposed  to  increasing  numbers  of 
cercariae  and  challenged  6 weeks  later  with  a second  population  of  radiolabeled  cercariae. 
The  specific  reduction  in  survival  of  the  second  population  is  shown  as  the  percentage  im- 
munity. Significant  protection  was  noted  following  exposure  to  as  few  as  30  cercariae.  The  de- 
velopment of  maximum  resistance  required  an  initial  exposure  of  approximately  1000  cercariae. 
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Additional  evidence  for  a qualitative  effect  of  previous  host 
■immunzation  upon  subsequent  worm  development  was  obtained  from  morpho- 
logic analyses.  When  normal  animals  were  perfused  18  days  after  initial 
exposure  to  S.  mansoni  cercariae,  5 4 per  cent  of  the  recovered  worms 
were  sufficiently  developed  to  enable  classification  by  sex.  In  compari- 
son, when  previously  exposed  rats  were  re-exposed  to  £.  mansoni , the  sex 
of  only  31  per  cent  of  the  recovered  worms  from  the  re-exposure  popula- 
tion could  be  determined  morphologically.  These  findings  are  compatible 
with  an  adverse  effect  of  previous  exposure  upon  the  growth  and  morpho- 
logic differentiation  of  subsequent  exposure  populations. 

Studies  on  the  mechanisms  of  specific  augmented  resistance  which 
results  from  an  initial  exposure  to  S.  mansoni.  The  initial  studies 

indicated  that  augmented  resistance  in  the  rat  could  occur  very  rapidly 
after  initial  exposure  and,  therefore,  implied  that  immunity  could  be 
efficiently  stimulated  by  very  early  stages  of  infection.  Subsequently, 
the  immune  response  appeared  to  be  directed  against  an  early  stage  of 
infection. 


(WEEKS  AFTER  INITIAL  EXPOSURE) 

Fig  44  Relationship  between  the  interval  between  initial  exposure  and  challenge  and  the  de- 
velopment of  immunologically  mediated  resistance:  Animals  were  exposed  to  1000  cercariae 
and  challenged  at  weekly  intervals  thereafter  with  3000  additional  radiolabeled  cercariae. 
The  specific  reduction  in  survival  of  that  second  population  is  shown  as  the  reduction  of  chal- 
lenge worm  burden.  Reductions  in  survival  of  the  second  population  were  observed  within  1 
week  of  initial  exposure.  Maximum  resistance  was  noted  5-6  weeks  following  initial  exposure. 


Fig 4 5 Relationship  between  the  development  of  immunologically  mediated  resistance  as 
assessed  by  worm  survival  and  the  quantitative  retention  of  radiolabel  by  the  surviving  worms : 
Animals  were  exposed  to  1000  unlabeled  cercariae.  Seven  and  twenty-one  days  later  they  were 
reexposed  to  a second  population  of  radiolabled  cercariae  (■).  Simultaneously,  age-matched 
control  animals  were  exposed  for  the  first  time  to  the  same  cercaria!  pool  (□).  The  per- 
centage isotope  retention  per  surviving  worm  was  determined  by  the  formula  (cpm/worm-t- 
cpm/cercariae)  X 100.  A significant  increase  in  the  percentage  of  retained  'H-labeled  amino 
acids  was  observed  by  the  worms  which  were  obtained  from  animals  that  demonstrated  strong 
resistance  to  the  second  injection,  as  determined  by  a reduction  in  survival  of  the  oopulation 
(X— -X). 


To  further  assess  this  apparent  stage  specificity,  the  survival 
of  each  population  of  worms  was  determined  in  experiments  utilizing  an 
exposure  of  animals  to:  an  initial  or  primary  control  population  of 
cercariae;  a secondary  or  challenge  control  population  of  cercariae;  or 
to  both  populations  of  cercariae.  Exposure  to  a primary  infection  was 
followed  at  serial  intervals  by  exposure  to  a challenge  population.  The 
simultaneous  exposure  to  cercariae,  in  the  numbers  utilized,  had  no 
significant  effect  on  the  survival  of  the  opposite  population  (Figure  46). 
However,  within  one  week  there  was  significant  augmented  resistance 
demonstrated  against  the  second  or  challenge  population.  The  survival 
of  both  primary  and  challenge  (reexposure)  worm  populations  are  shown 
for  all  three  rat  populations.  No  significant  effect  on  the  survival 
of  the  initial  population  as  a result  of  exposure  to  the  second  popula- 
tion was  observed  (Ovs«).  This  specific  resistance,  also  known  as 
concommitant  immunity,  was  subsequently  directed  with  increasing 
efficiency  against  only  the  challenging  population,  shown  as  the 
difference  between  exposure  and  control  worm  recovery  ( v£  ) . This 
stage  specificity  of  resistance  is  summarized  in  Figure  47.  Resistance 
against  both  populations  of  worms , derived  from  differential  survival 
in  animals  simultaneous 3y  rearing  both  populations,  is  determined  by 
comparison  to  survival  of  the  appropriate  control  population  in  animals 
exposed  to  only  that  control  population. 
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These  initial  studies  indicated  clearly  that  the  development  of 
resistance  could  be  stimulated  by  early  stage-specific  immunogens.  It 
therefore  became  important  to  ascertain  if  there  was  a similar  stage- 
related  specificity  sho.ru  by  the  worm  target  of  the  effector  aspects 
of  this  resistance.  Studies  were  next  performed  to  determine  the 
nature  of  the  target  of  the  immune  system  during  reinfection.  Non- 
adherent peritoneal  lymphocyte  populations  or  serum  were  obtained  from 
animals  who  had  been  previously  exposed  to  S.  mansoni,  2-1/2  or  7 weeks 
respectively.  The  cells  or  serum  were  injected  i.v.  into  syngeneic 
recipients  at  various  time  intervals  following  the  exposure  of  these 
animals  to  cercariae.  Cells  were  effective  at  transferring  adoptive 
immunity  only  if  they  were  introduced  within  the  first  72  hours  follow- 
ing exposure  to  cercariae  (Figure  48) . When  an  interval  exceeding  72 
hours  was  utilized,  cells  showed  no  demonstrable  effect  on  the  develop- 
ment of  the  cercariae  into  adult  worms . A nearly  identical  early  stage 
specificity  was  shown  with  the  transfer  of  protective  serum.  As  shown 
in  Figure  49,  sera  were  effective  only  if  transferred  within  96  hours 
of  initial  exposure  to  cercariae.  These  studies  indicate  that  the 
specific  augmented  resistance  is  apparently  directed  against  very  early 
stages  of  schistosomule  development. 
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Fig 46  Simultaneous  survival  of  subpopulations  of  worms  within  the  same  animal.  Animals 
were  exposed  to  an  initial  or  primary  exposure  of  1000  cercariae  (O)  ; both  to  an  initial  (•) 
exposure  of  1000  cercariae  and  to  a challenge  exposure  (A)  of  3000  radiolabeled  cercariae  4 
weeks  later;  or  to  only  the  3000  radiolabeled  cercariae  (A).  The  survival  of  all  four  worm 
populations  is  shown  as  a function  of  the  time  interval  between  primary  and  challenge  ex- 
posure. Specific  resistance  against  the  challenge  population  (A A)  was  observed  within 

1 week  of  initial  exposure.  No  significant  effect  on  the  survival  of  the  primary  exposure  (•) 
resulting  from  exposure  to  the  challenge  population  (O •)  was  observed. 


WEEKS  AFTER  PRIMARY  EXPOSURE 

Fig.47  Sequential  development  of  stage-specific  resistance  to  reexposure.  Animals  were  ex- 
posed as  described  for  Fig.  4.  The  specific  effect  of  an  initial  exposure  to  cercariae  to  stimulate 
resistance  against  subsequent  exposure  ( • ) is  compared  to  the  effect  of  subsequent  exposure 
upon  the  survival  of  the  primary  or  initial  exposure  population  (O)-  The  percentage  im- 
munity is  expressed  as  the  specific  reduction  in  survival  of  the  given  worm  population  in  the 
doubly  exposed  animal  when  compared  to  the  survival  of  the  analogous  population  in  the  ap- 
propriate singly  exposed  animal.  Specific  resistance  directed  exclusively  against  the  challenge 
population  is  observed  within  1 week  following  initial  exposure. 


Studies  on  the  immunologic  nature  of  the  specific  resistance  phe- 
nomena.  Our  previous  studies  had  implicated  the  immune  system  as 
responsible  for  resistance  in  the  rat  to  initial  infection  by  S.  mansoni . 
The  importance  of  the  immune  system  in  mediating  resistance  during  re- 
infection was,  accordingly,  next  investigated. 

Studies  were  first  performed  to  demonstrate  the  general  anamnestic 
characteristics  of  the  rat's  response  to  re-exposure  to  S.  mansoni . Re- 
exposure of  rats  to  S.  mansoni  led  to  a rapid  augmented  antibody  response 
as  judged  by  indirect  hemagglutination  or  complement  fixation  (Table  XII). 
In  addition,  the  relative  ability  of  a given  volume  of  serum  to  induce 
protection,  when  adoptively  transferred  to  syngeneic  recipients,  was 
similarly  increased  following  a second  exposure  to  S.  mansoni . These 
data  indicated  that  the  serological  response  of  rats  to  S.  mansoni, 
during  re-exposure,  appeared  to  involve  the  previous  generation  of  a 
population  of  memory  cells  and  a subsequent  anamnestic  or  secondary 
response  upon  re-exposure  to  cercariae. 

Finally,  studies  were  performed  using  the  transfer  of  cells  or 
serum  in  an  attempt  to  ascertain  the  nature  of  the  mediation  of  this 
augmented  resistance.  Previous  experiments  had  determined  the  ability 
of  cells  or  serum,  obtained  from  previously  exposed  animals,  to  adoptively 
transfer  resistance.  Figure  50  summarizes  the  pattern  of  resistance 
as  a function  of  time,  following  initial  exposure.  These  pre-established 
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INTERVAL  IN  HOURS  BETWEEN  CE'-L  TRANSFER  AND 
EXPOSURE  TO  CERCARIAE 

Fic48  Relationship  of  the  interval  between  exposure  to  cercariae  and  transfer  of  cells  and 
the  subsequent  demonstration  of  adoptive  transfer  of  resistance : Animals  were  exposed  to 
1000  cercariae;  2.5  weeks  later  they  were  injected  with  30  ml  of  light  mineral  oil.  Nonadherent 
peritoneal  exudate  cells,  10s,  were  injected  iv  into  syngeneic  recipients  at  serial  intervals  fol- 
lowing the  exposure  of  these  recipients  to  1000  5.  mansoni  cercariae.  Significant  transfer  of 
adoptive  immunity  was  observed  only  if  the  interval  between  exposure  and  transfer  did  not 
exceed  36  hr. 


patterns  were  used  to  design  a series  of  experiments  which  varied 
the  intervals  between  initial  and  subsequent  exposures  in  an  attempt 
to  elucidate  the  mechanisms  of  immunity  which  were  operative  during 
re-exposure . When  serum  was  obtained  from  animals  which  vie re  exposed 
either  14  weeks  or  3 weeks  before  sacrifice,  the  sera  failed  to  demon- 
strate any  significant  protective  ability  (Table  XIII).  However,  when 
serum  was  obtained  from  animals  exposed  both  14  and  3 weeks  prior  to 
sacrifice,  the  sera  demonstrated  strong  protection  upon  adoptive  transfer. 
Sera  obtained  from  animals  exposed  17  weeks  before  sacrifice  similarly 
showed  no  significant  protection. 

Additional  studies  (Table  XIV)  have  indicated  that  the  protective 
moiety  in  the  serum  resided  in  the  Ig  fraction  on  QAE  chromatography 
and  7S  fraction  on  G-200  chromatography.  Furthermore,  protective 
activity  could  be  removed  utilizing  a goat  anti-rat  immunoglobulin 
serum,  covalently  bound  to  Sephadex  by  cyanogen  bromide. 


Similar  studies  were  performed  utilizing  the  transfer  of  unfraction- 
ated spleen  cells.  Table  XV  illustrates  one  such  study.  Cell  popula- 
tions obtained  from  animals,  exposed  3 weeks  previously  to  S.  mansoni, 


demonstrated  significant  protection.  However,  cell  populations, 
obtained  from  animals  exposed  10  weeks  before  sacrifice  or  both  10 
weeks  and  again  3 weeks  before  sacrifice,  both  failed  to  demonstrate 
any  significant  protection.  A total  of  ten  similar  experiments 
utilizing  a variety  of  timing  intervals  between  initial  and  subsequent 
exposure  and  sacrifice  also  failed  to  show  any  evidence  for  the  trans- 
fer of  resistance  by  cells  after  re-exposure. 


These  data  suggest  that  the  secondary  resistance  response  to 
S.  mans on i is  at  least  in  part  mediated  through  the  development  of  high 
levels  of  protecting  antibody.  However,  direct  cellular  mechanisms 
were  not  demonstrated. 

These  studies  clearly  indicate  that  the  rat  develops  strong  and 
effective  immunity  within  one  week  following  initial  exposure  to  S . 
mansoni . Moreover,  the  general  characteristics  of  this  response  appear 
to  be  analogous  to  the  anamnestic  or  secondary  immune  response.  The 
rapidity  with  which  this  immunity  develops  suggests  that  it  may  be 
stimulated  by  immunogens  which  are  present  on  the  very  early  forms  of 
schistosomules . Hence,  the  stimulation  of  augmented  resistance  is 
essentially  complete  within  the  rat  before  adult  forms  or  egg  antigens 
are  present  within  the  animal. 


The  resistance  which  develops  as  a result  of  stimulation  of  the  rat 
immune  system  by  very  immature  forms  is  apparently  also  specifically 
directed  against  those  same  immature  forms  upon  re-exposure . This  phe- 
nomenon was  demonstrated  by  the  rapid  development  of  protective  immunity 
against  the  immature  worms  encountered  during  re-exposure  with  little 
or  no  deleterious  effect  on  those  worms  had  survived  from  the  initial 
infection.  This  phenomenon,  also  known  as  concommitant  immunity,  has 
been  previously  described  by  a number  of  investigators. 

transfer  experiments  indicated  that  cells  and  sera,  to  be  effective 
in  producing  immunity,  must  be  present  within  two  to  three  days 
following  exposure  to  cercariae . Schistosomules  which  have  gone  through 
3 days  of  development  in  vitro  have  also  been  shown  to  be  refractory  to 
the  actions  of  cells  and  sera  which  are  added  after  this  time  period. 

The  explanation  of  this  stage  specificity  is  not  known.  Several 
possibilities  exist,  including:  (l)  the  expression  of  unique  stage- 
specific  immunogen  determinates  of  relevance  to  the  protective  immune 
response;  (2)  a non-specific  quantitative  susceptibility  of  immature 
forms  to  attack  by  adverse  factors , perhaps  related  to  the  trauma  of 
penetration;  (3)  or  tissue-specific  host  factors,  perhaps  related  to 
the  anatomic  distributional  patterns  of  the  migrating  schistosomule . 

The  findings  that  the  immune  system  in  the  rat  can  apparently 
reflect  its  activity  both  in  qualitative  and  quantitative  manner  upon 
cercarial  development  into  schistosomules  is  of  additional  interest. 
Recent  studies  by  Knopf  have  indicated  that,  following  the  marked 


spontaneous  decrease  in  worms  recoverable  by  perfusion  and  in  associa- 
tion re-exposure,  increased  numbers  of  worms  can  be  recovered  in  the 
liver  There  is  apparently  minimal  host  reaction  about  these  worms, 
and  they  are  slowly  destroyed.  One  possible  interpretation  of  these 
findings  is  that  those  qualitative  changes  in  the  functional  capability 
of  the  worm,  which  are  induced  by  the  immune  response,  prevent  the  _ 
worms  from  successfully  holding  residence  in  the  peripheral  splanchnic 
beds.  Their  inability  to  resist  the  pressures  of  blood  flow  would 
result  in  the  subsequent  hepatic  shift. 

The  strength  of  the  immunity  which  develops  as  the  result  of 
initial  exposure  to  S.  mansoni  is  related  to  the  magnitude  of  the  initial 
exposure.  However,  extensive  studies  are  in  progress  to  ascertain  the 


TABLE  XII 


Detection  of  Antibody  Activity  against  5.  mansoni  in  Sera 
Previously  Exposed  to  Cercaria 

of  Rats 

Exposure  regimen 

Assay 

V-k‘ 

D1S* 

C.K.* 

I.H.A.* 

0 

0 



— 

+ 6 

+ 

0 

8 

160 

-41 

0 

+ 

2 

8 

- 5 

+ 

+ 

64 

1028 

-68 

* Animals  exposed  to  1000  5.  mansoni  cercariae  45  days  before  exsanguination. 

‘ Animals  exposed  to  1000  S.  mansoni  cercariae  15  days  before  exsanguination. 

'Complement  fixation  titer:  reciprocal  of  the  highest  positive  dilution. 

d Indirect  hemagglutination  titer:  reciprocal  of  the  highest  positive  dilution. 

• Percentage  reduction  of  worm  burden : i ml  of  sera  were  injected  iv  2 hr  before  exposure  of 
recipient  animal  to  cercariae. 


exact  relationships  between  the  absolute  number  of  infecting  cercariae, 
and  the  temporal  patterns  with  which  the  cercariae  are  introduced  into  the 
rat,  upon  the  resultant  immunity.  Attention  will  be  paid  to  the  optimal 
development  as  well  as  to  the  longevity  of  the  development  of  the  immunity 
which  results . Preliminary  studies  have  indicated  that  multiple  small 
exposures  are  far  more  effective  at  inducing  lasting  immunity  than  a . 
single  exposure,  even  if  that  single  exposure  is  of  much  Skater  magni- 
tude than  the  total  of  the  multiple  small  exposures.  In  addition, 
there  is  some  evidence  that  very  large  exposures  to  S.  mansoni  may 
actually  result  in  the  development  of  suboptimal  immunity.  The  signifi- 
cance of  this  phenomenon  is  at  present  not  clear.  However,  the  recent 
studies  of  Waksman  and  Feldmann  indicate  that  very  large  doses  of 
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immunogens  may  apparently  result  in  either  the  production  of  inhibitors 
of  DNA  synthesis  and,  therefore,  of  effector  cells,  or  bypassing  macro- 
phage dependent  systems  leading  to  the  development  of  a form  of  function- 
al tolerance.  Both  of  these  possible  mechanisms  are  currently  under 
consideration  and  active  investigation. 

Although  the  mechanism  of  this  specific  augmented  resistance  is 
not  clear,  it  obviously  involves  in  part  the  production  of  protective 
serum  antibody.  Moreover,  antibody  wh'ich  demonstrates  the  ability  to 
protect  occurs  within  three  weeks  of  secondary  exposure.  As  previously 
observed,  it  took  seven  to  ten  weeks  after  initial  exposure  for  serum 
antibody  titers  to  be  produced  which  demonstrated  significant  in  vivo 
protection.  The  failure  of  cells  to  demonstrate  protection  following  a 
second  exposure  must  be  interpreted  with  extreme  caution.  Preliminary 
studies  from  our  laboratory  have  indicated  that  the  cells  obtained 
from  animals  which  are  multiply  exposed  to  S.  mans oni  represent  an  ex- 
tremely heterogeneous  population.  Although  the  unfractionated  cell 
populations  do  not  demonstrate  significant  protection,  there  is  evidence 
that  specific  subpopulations  within  this  general  heterogeneous  population 
may  possess  a protective  capability.  Their  ability  to  demonstrate  this 
protective  capability,  however,  is  modulated  by  the  presence  of  other 


INTERVAL  in  hours  between  serum  transfer  ano 
EXPOSURE  TO  CERCARIAE 

Fig4'9  Relationship  of  the  interval  between  exposure  to  cercariae  and  transfer  of  serum 
and  the  subsequent  demonstration  of  adoptive  transfer  of  resistance : Animals  were  exposed 
to  1000  cercariae;  7 weeks  later  they  were  exsanguinated.  Four  milliliters  of  sera  were  in- 
jected iv  into  syngeneic  recipients  at  serial  intervals  following  the  exposure  of  these  recipients 
to  1000  S.  mansoni  cercariae.  Significant  transfer  of  adoptive  immunity  was  observed  only 
if  the  interval  between  exposure  and  transfer  did  not  exceed  72  hr. 
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TABLE  XIII 

Effect  of  Exposure  Pattern  upon  Subsequent  Transfer  of  Immunity  by  Serum 


Exposure 

interval® 

Number  of 
worms6 

P‘ 

— — 

168  ± 25 



14  — 

159  ± 22 

>0.05 

— 3 

171  =fc  31 

>0.05 

14  3 4 

36  ± 7 

<0.001 

“ Interval  between  initial  exposure  to  cercariae  and  subsequent  sacrifice  of  animal  to  obtain 
sera  subsequently  used  for  adoptive  transfer  of  resistance. 

b Number  of  worms  recovered  from  syngeneic  animals  which  were  injected  iv  with  2.(1  ml  of 
serum  concomitant  with  exposure  to  cercariae  and  [terfused  21  days  later. 

c P value  vs  number  of  worms  obtained  from  animals  injected  with  serum  obtained  from  animals 
not  previously  exposed  to  5.  munsoni. 

d Animals  exposed  to  S.  mansoni  14  weeks  and  again  3 weeks  prior  to  sacrifice. 


cell  populations.  For  example,  recent  studies  have  indicated  that 
circulating  immune  complexes  may  be  potent  suppressors  of  the  immune 
response  either  directly  or  through  the  stimulation  of  the  development 
of  thymic  derived  suppressor  populations  or  the  production  of  anti- 
receptor antibody.  We  have  demonstrated  such  complexes  in  the  serum  of 
rats,  immediately  preceding  the  ostensible  loss  of  the  ability  to 
adoptively  transfer  resistance  by  cells  obtained  from  these  animals. 

The  nature  of  these  specific  cell  populations  is  currently  under  intense 
investigation. 

Finally,  an  additional  caution  must  be  exercised  in  interpreting 
these  results.  The  rat  is  extremely  resistant  to  initial  infection  by 
S.  mans on i , demonstrates  a dramatic  immunologically  mediated  decrease 
in  parasitic  burden  shortly  after  initial  exposure,  and  virtually  no 
morbidity  from  infection.  It  represents  an  animal  in  which  host  de- 
fense mechanisms,  be  they  immune  or  non-immune,  are  highly  effective, 
and,  therefore,  analogies  between  the  rat  and  more  sensitive  hosts, 
such  as  man  or  mouse,  must  be  drawn  with  caution.  Alternatively, 
however,  the  rat  may  represent  the  ideal  model  to  study  the  various 
salient  defense  mechanisms  which  are  operative  during  both  the  initial 
and  subsequent  re-exposure  to  S.  mansoni.  However,  analogy  to  human 
S.  mansoni  infection  or  to  other  experimental  models  such  as  the  mouse, 
and  the  biological  relevance  of  these  observations  remain  to  be 
elucidated. 
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13 . The  activity  of  a chloroindazole  analog  of  hycanthone  (IA-4  N- 
oxide)  against  Schistosoma  mansoni  infection  in  rhesus  monkeys. 


In  recent  years,  the  antischistosomal  drug,  hycanthone,  has  come 
under  increasing  criticism  as  a result  of  its  reported  side-effects. 
Hycanthone  produces  mutagenic  activity  in  a variety  of  submammalian 
and  mammalian  systems,  both  in  vitro  and  in  vivo.  It  has  a direct 
action  on  spermatogenesis  in  the  rat  and  produces  semisterility. 
Teratogenicity  has  been  demonstrated  in  mice  and  in  rabbits.  It 
induces  malignant  transformations  in  Rauscher  virus-infected  rat  embryo 
cells  and  hepatocellular  carcinomas  in  schistosome-infected  mice. 
Structural  modifcation  of  the  hycanthone  molecule  has  resulted  in  the 
synthesis  of  several  drugs  having  greatly  reduced  mutagenic  activity 
and  decreased  toxicity  for  mice,  yet  retention  of  the  excellent  anti- 
schistosomal property.  One  of  these  compounds,  8-chloro-5-hydroxy- 


Fic50  Relationship  between  duration  of  infection  and  the  adoptive  transfer  of  resistance  to 
S.  mansoni  by  cells  and  serum.  Animals  were  exposed  to  1000  cercariae.  At  weekly  intervals 
they  were  sacrificed  and  the  serum  and  nonadherent  peritoneal  exudate  cells  were  obtained. 
Three  milliliters  of  serum  or  2 X 10*  cells  were  injected  into  syngeneic  recipients  4 hr  before 
exposure  to  1000  S.  mansoni  cercariae.  Significant  adoptive  transfer  of  resistance  was  observed 
when  cells  were  obtained  from  animals  that  had  been  previously  infected  approximately  2-3 
weeks  before  sacrifice.  Tbc  transfer  of  resistance  was  also  observed  when  serum  was  obtained 
from  animals  that  previously  had  been  infected  approximately  7-10  weeks  before  sacrifice. 


mfethylbenzothiopyranoindazole  N-oxide,  designated  LA-4  N-oxide  (Figures 
57),  has  a chemotherapeutic  index  in  schistosome  infected  mice  more  than 
12  times  higher  than  that  of  hycanthone  and  only  1.5$  of  hycanthone' s 
mutagenic  activity  in  Salmonella.  Chemotherapeutic  index  is  established 
as  the  ratio  of  the  median  single  intramuscular  lethal  dose  (LD^q)  to  the 
single  intramuscular  dose  producing  5 C$  reduction  in  the  number  of  schisto- 
somes (ED50).  This  report  describes  the  antischistosomal  activity  of 
IA-4  N-oxide  in  rhesus  monkeys. 
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TABLE  XIV 

Effect  of  Serum  Fractionation  upon  Passive  Transfer  of  Protection 


Serum  preparation 

Number  of 

worms 

A' 

P‘ 

Exposed 

Whole® 

43  ± 21 

-146 

<0.01 

Ig  (QAE)* 

69  ± 28 

-120 

<0.01 

7S  (G-200 )« 

54  db  19 

-135 

<0.01 

~yG  (GARIgG)* 

162  do  37 

- 27 

>0.05 

Unexposed' 

189  ± 48 

— 

— 

® Whole  serum  (2.0  ml)  obtained  from  animals  which  were  exposed  to  .9.  mansoni  cercariae 
14  and  3 weeks  before  sacrifice. 

6 Immunoglobulin  containing  fraction  obtained  for  QAE-Sephadcx  fractionation,  2 ml  equiva- 
lent (v:  v). 

e 7S  fraction  obtained  from  G-200  column  chromatography;  4S  -f-  l^S  fractions  did  not  demon- 
strate a significant  protective  effect. 

4 yO  globulin  depleted  fraction  obtained  by  affinity  column  chromatography  using  column- 
bound  goat  anti-rat  >G  antibody. 

• Serum  obtained  from  animals  unexposed  to  5.  mansoni  cercariae. 

f Decrease  in  number  of  recovered  worms  from  unexposed  animal  (e). 

9 P value  vs  animals  injected  with  serum  from  unexposed  animal  (Student's  t test). 


Ten  young  adult  rhesus  monkeys  (Macaca  mulatta)  were  experimentally 
infected  with  the  Puerto  Rican  strain  of  S.  mansoni  maintained  in  our 
laboratory  in  albino  Biomphalaria  glabrata . Prior  to  exposure,  routine 
stool  examinations  were  performed  to  detect  possible  natural  parasite 
infections.  All  animals  weighed  between  3-^  and  5-5  kilograms  and 
appeared  to  be  in  good  health.  Percutaneous  exposures  were  accomplished 
by  applying  approximately  400  + 50  cercariae  to  the  clipped  abdomen  of 
anesthetized  monkeys.  No  chemical  restraints  were  used  subsequent  to 
exposure.  Throughout  the  experiment,  monkeys  were  maintained  in  indivi- 
dual cages  on  standard  monkey  chow  and  water  ad  libitum,  supplemented 
with  fresh  fruit  twice  weekly. 

Treatments  were  instituted  according  to  the  schedule  outlined  in 
Table  XVI.  An  aqueous  solution  methane-sulfonate  salt  of  IA-4  N-oxide 
was  administered  according  to  the  body  weights  of  individual  monkeys. 
Oral  administration  was  by  naso-gastric  intubation  while  intramuscular 
administration  was  made  into  the  posterior  thigh.  Therapeutic  treat- 
ment was  initiated  (day  50)  after  confirmation  by  fecal  egg  excretion 
analysis  of  a well  established  infection.  The  limited  amount  of  drug 
available  did  not  permit  the  oral  therapeutic  treatment  at  the  same 
100  mg/kg  daily  level  as  the  corresponding  oral  prophylactic  group. 
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Consequently,  these  monkeys  received  81.5  mg/kg  for  each  of  1+  successive 
days.  Following  treatment,  all  monkeys  were  carefully  observed  for 
overt  signs  of  toxicity. 

Beginning  25  days  after  exposure  and  continuing  until  termination 
of  the  experiment,  feces  from  each  animal  were  collected  at  weekly  or 
biweekly  intervals,  were  concentrated  by  the  formalin-ether-buffered 
alcohol  technique  and  fecal  egg  excretions  were  quantitated  in  terms  of 
the  numbers  of  eggs  per  gram  of  feces  (NEPGF).  Following  intramuscular 
administration  of  30  mg  ketamine  hydrochloride  (VetalarR  ) anesthetic 
and  exsanguination  by  cardiac  puncture,  worms  were  recovered  by  per- 
fusion with  citrated  saline.  The  liver  and  mesenteries  of  each  animal 
were  perfused  separately  and  the  worms  were  collected  on  a filtration 
apparatus  as  previously  described.  Tissue  specimens  were  collected  for 
histopathologic  examination.  The  following  criteria  were  used  to 
evaluate  drug  effectiveness : the  number  and  time  of  appearance  of  eggs 
in  the  feces;  the  number,  sex  ratio,  appearance,  and  anatomic  location 
of  worms  in  the  host;  and  the  histopathologic  manifestations  of  disease, 
especially  in  the  liver  and  colon. 

The  untreated  monkeys  and  those  receiving  therapeutic  treatment  on 
day  50  presented  overt  symptoms  of  illness  during  the  sixth  and  seventh 
weeks  after  exposure.  These  consisted  primarily  of  lethargy,  anorexia 
and  diarrhea  with  occult  blood  and  mucus  in  the  stools.  This  "crisis" 
period  lasted  no  more  than  two  weeks  and  had  subsided  by  the  eighth 
week  post-exposure  in  all  monkeys,  including  the  untreated  controls. 


TABLE  XV 

Effect  of  Exposure  Pattern  upon  Subsequent  Transfer  of  Immunity  by  Cells 


Exposure 

interval® 

Number  of 
worms6 

194  ± 35 

14  — 

189  ± 24 

>0.05 

— 3 

103  ± 13 

<0.05 

14  3d 

169  ± 19 

>0.05 

• Interval  between  initial  exposure  to  cercariae  and  subsequent  sacrifice  of  animal  to  obtain 
cells  subsequently  used  for  adoptive  transfer  of  resistance. 

‘ Number  of  worms  recovered  from  syngeneic  animals  which  were  injected  iv  with  3 X 10* 
nonadherent  peritoneal  exudate  cells,  concomitant  with  exposure  to  cercariae  and  perfused 
21  days  later. 

« p value  vs  number  of  worms  obtained  from  animals  injected  with  cells  obtained  from  animals 
not  previously  exposed  to  S.  mansoni. 

d Animals  exposed  to  S.  mansoni  14  weeks  and  again  3 weeks  prior  to  sacrifice. 
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Liver,  untreated  control  monkey.  Two  granulomas  are 
present,  one  of  which  contains  a schistosome  egg  with 
little  surrounding  host  reaction. 


Prophy tactically  treated  animals  presented  no  clinical  disease  mani 
fe stations . 


Following  drug  administration,  one  therapeutically  treated  monkey 
(No.  Pl4l)  developed  a draining  abscess  at  the  site  of  intramuscular 
injection.  This  animal  responded  well  to  penicillin/streptomycin 
therapy  and  the  lesion  was  resolved  within  one  week.  All  other 
treated  animals  tolerated  the  drug  extremely  well  and  presented  no 
symptoms  of  toxicity  other  than  tissue  irritation  at  the  site  of  intra 
muscular  injection. 


The  patterns  of  fecal  egg  excretion  and  worm  burden  at  the  time  of 
necropsy  (Table  XVII ) illustrate  the  efficacy  of  prophylactic  and 
therapeutic  treatments.  Untreated  control  monkeys  presented  typically 
fluctuating  but  high  egg  counts  (NEPGF)  from  6 weeks  post-exposure  until 
termination  of  the  experiment;  the  counts  of  therapeutically  treated 
animals  were  reduced  dramatically  to  zero  by  12  days  post-treatment. 
Fecal  egg  excretion  from  these  animals  remained  essentially  negative 
until  the  animals  were  necropsied.  This  effect  was  not  seen  in  prophyl- 
actially  treated  monkeys,  where  the  onset  of  patency  was  delayed  but 
not  prevented.  In  orally  treated  animals  of  this  group,  eggs  appeared 
in  the  feces  2 weeks  after  that  of  control  or  therapeutically  treated 


Figure  52.  Colon.  Several  granulomas  contain  intact,  probably  viable 
eggs . 


monkeys.  In  the  animals  receiving  a single  intramuscular  administration 
of  the  drug  the  day  before  exposure,  eggs  were  not  seen  until  3 weeks 
(No.  M830)  or  6 weeks  (No.  Pll8)  after  the  control  animals  became  positive. 
In  neither  case,  however,  did  the  total  number  exceed  72  EPGF  before 
necropsy  of  the  animals  on  day  76  post-exposure . 

Worm  burden  analysis  in  the  individual  animals  correlated  well  with 
fecal  egg  excretion  data.  Therapeutically  treated  monkeys  harbored  very 
few,  if  any,  all  of  which  were  severely  stunted.  Conversely,  oral  pro- 
phylactic adminstration  was  the  least  effective  treatment  and  these 
monkeys  contained  mature,  paired  schistosomes,  although  in  much  lower 
total  numbers  than  those  of  the  untreated  control  monkeys.  Of  the  two 
animals  receiving  a prophylactic  intramuscular  administration,  one 
(No.  Pll8)  had  only  2 stunted  male  worms  while  the  other  (No.  M830)  had 
a worm  burden  consistent  «rith  those  receiving  oral  prophylactic  treatment. 
Most  worms  were  recovered  from  the  mesenteric  circulation  and  could  not 
be  correlated  with  an  hepatic  shift  as  a result  of  treatment. 

Necropsy . Monkeys  from  the  control  group  had  typical  lesions  asso- 
ciated with  S.  mans on i infection.  The  colons  were  thickened  with  multiple, 
elevated  hyperemic  foci  on  the  mucosal  surface.  Grossly  there  were  small 
erosions  present  but  intraluminal  hemorrhage  was  not  a feature  at  the  time 
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Figure  53*  Liver,  prophylyactically  treated  monkey.  A single  granuloma 
obliterates  a portal  triad  and  illustrates  an  intense  host 
reaction  with  the  presence  of  several  giant  cells . 


of  necropsy.  Livers  taken  from  control  monkeys  had  many  randomly  dis- 
tributed pale  foci  within  the  parenchyma.  There  was  nos  gross  evidence 
of  portal  fibrosis  in  these  animals.  The  mesenteric  lymph  nodes  draining 
the  large  intestine  were  moderately  enlarged. 


Prophylactically  treated  monkeys  had  lesions  similar  to  the  controls 
but  the  number  of  such  lesions  and  their  gross  appearance  suggested  a much 
less  severe  disease.  The  monkeys  from  the  therapeutically  treated  groups 
had  essentially  normal  appearing  livers  and  colons . 

Klstopathology . Sections  of  liver  and  colon  from  control  monkeys  had 
many  active  granulomas  characterized  by  the  presence  of  schistosome  ova, 
large  multinucleate  gaint  cells  and  an  admixture  of  eosinophils  and  mono- 
nuclear inflammatory  cells  (Figures  51  and  52).  Ova  present  rs-xiged  from 
apparently  intact  viable  ova  to  degenerating  fragments  and  debris . There 
was  a mild  degree  of  fibroplasia  associated  with  most  of  the  granulomas. 


Orophylactically  treated  monkeys  had  fewer  granulomas  present  in  the 
liver  and  colon  and  many  of  these  lesions  appeared  to  be  in  the  resolving 
stage  (Figures  53  and  5*0.  Apparently  viable  ova  were  present  in  a few 
granulomas  indicating  active  infection.  The  therapeutically  treated 
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Figure  54 . Colon,  prcphylaaticall y treated  monkey.  Apparently  viable 
ova  are  present  in  the  submucosa  and  muscularis  mucosa,  but 
host  reaction  is  minimal. 

groups  had  essentially  normal  livers  with  only  scattered  foci  of  mono- 
nuclear cells  and  a few  nearly  healed  granulomas  (Figures  54  and  55). 

One  monkey  (No.  P429)  had  several  resolving  granulomas  in  the  colon,  none 
of  which  contained  viable  ova.  All  of  the  other  monkeys  in  this  group 
had  histologically  essentially  normal  colons. 

IA-4  N-oxide  was  well  tolerated  orally  with  no  signs  of  nausea  or 
discomfort  and  no  emesis . All  animals  receiving  the  drug  via  intra- 
musclar  injection  experienced  tissue  irritation  and  one  developed  an 
abscess . 

Control  monkeys  and  therapeutically  treated  monkeys  prior  to 
Hierapy  exhibited  typical  manifestations  of  overt  schistosomiasis  infection, 
i.e.,  lethargy,  anorexia,  and  diarrhea  with  blood,  mucus  and  high  egg 
counts.  Necropsy  and  histopathologic  findings  of  control  monkeys  were 
consistent  with  subacute,  unresolved  schistosomiasis. 

Prophylactic  results  indicate  a 2 to  6 week  delay  in  patency  and 
egg  excretion  levels  remaining  well  below  those  observed  in  control 
monkeys.  The  low  egg  excretion  levels  were  confirmed  on  necropsy  by  the 
significantly  lower  worm  recovery  when  compared  with  controls,  the  marked 
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Figure  55-  Liver,  therapeutically  treated  monkey.  A nonspecific  portal 
infiltrate  of  lymphocytes,  macrophages  and  a few  neutrophils 
are  the  only  remaining  evidence  of  the  cleared  infection. 

decrease  in  severity  of  lesions,  and  the  limited  number  of  hepatic  and 
intestinal  granulomas.  Intramuscular  administration  appeared  to  be  more 
effective  than  oral  treatment,  as  shown  by  the  longer  delay  in  patency 
and  lower  numbers  in  egg  excretion  data.  The  difference  observed  in  the 
number  and  condition  of  worms  recovered  on  necropsy  is  probably  not 
significant  in  light  of  the  limited  number  of  animals  involved.  The 
failure  to  completely  inhibit  worm  development  dictates  against  use  of 
this  drug  in  a prophylactic  mode  because  of  the  potential  for  development 
of  drug  resistance.  Such  resistance  has  been  demonstrated  in  mice  for 
hycanthone  and  has  also  been  implicated  as  the  reason  for  failures  of 
nycantlione  therapy  of  human  schistosomiasis. 

Therapeutic  efficacy  of  IA-U  N-oxide  was  outstanding  by  either  oral 
or  intramuscular  routes  of  administration.  There  appears  to  be  no  signifi- 
cant difference  in  effectiveness  between  the  two  routes  under  the  test 
conditions.  Egg  counts  showed  a dramatic  drop  by  12  days  post-treatment 
and  all  animals  quickly  reached  a zero  level.  No  normal  worms  were  re- 
covered on  necropsy  and  the  resolving  granulomas  and  absence  of  viable  ggs 
on  histopathologic  examination  confirmed  the  cures.  Monkey  P429,  which 
had  the  highest  egg  excretion  level  of  all  10  animals  by  the  7th  week, 


Colon,  therapeutically  treated  monkey.  A diffuse  accumula 
tion  of  lymphocytes  remains  in  the  submucosa  and  a few 
lymphocytes  are  still  present  in  the  lamina  propria. 


Considering  1_  the  incomplete  prophylactic  effect  of  IA-4  N-oxide, 
2)  the  potential  of  this  phenomenon  for  influecning  the  subsequent 
development  of  drug  resistance,  and  3)  the  tissue  irritation  associated 
with  the  intramuscular  route  of  administration,  further  evaluation  might 
best  be  concentrated  on  the  oral  therapuetic  approach.  At  the  same  time 
efforts  should  be  initiated  to  more  clearly  define  the  potential  for 
teratogenic  or  carcinogenic  effects. 
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Description 


To  define  the  etiology  and  ecology  of  human  virus  infections, 
particularly  those  of  military  medical  significance;  to  devise  and 
evaluate  means  for  precise  diagnosis,  control  and/or  prevention  of 
disease.  Studies  have  applied  virological,  immunological,  epidemio- 
logical and  physiological  approaches  to  understanding  disease  caused 
by  respiratory,  arthropod-borne  and  other  viruses,  the  factors  influen- 
cing transmission  among  men,  other  vertebrates  and  invertebrates,  and 
their  survival  in  nature. 


Progress 


I.  The  arthropod-borne  viruses 


A.  Replication  of  dengue  viruses  in  human  monocytes  as  a new 
laboratory  marker  for  virulence 


In  previous  collaborative  studies  (Theofilopoulos  et  al,  1976) 
it  was  shown  that  dengue-2  virus  adapted  to  Raji  cells,  a continous 
human  lymphoblastoid  cell  line  (Sung  et  al,  1975)  and  replicated 
readily  in  monocytes  from  normal  (non-dengue  inrnune)  human  donors.  It 
had  been  thought  that  potent  dengue  replication  would  occur  only  in 
monocytes  if  they  were  obtained  from  an  individual  who  had  experienced 


a dengue  infection,  generally  with  one  of  the  heterologous  serotypes  or 
if  non-neutralizing  antibody  was  added  to  the  culture  system.  In  this 
report  we  show  that  1)  wild  dengue  maintained  in  certified  primary  cells 
rather  than  in  transformed  or  malignant  cells  can  replicate  to  a relative- 
ly high  titer  in  normal  human  monocytes  without  added  antibody;  2)  that 
these  monocytes  can  be  infected  within  24  hours  of  collection,  whereas 
lymphocytes  are  not  susceptible  to  dengue  unless  the  virus  if  first 
adapted  to  Raj i cells  and  the  lymphocytes  are  cultured  for  3 days  before 
they  are  susceptible  to  infection;  3)  when  virus  replicates  to  titers  of 
less  than  1 03  plaque  forming  units  (PFU)/ml,  heterologous  or  dilute 
homologous  antibody  included  in  the  culture  medium  will  enhance  virus 
titers,  up  to  200-fold;  4)  antibody  depresses,  rather  than  enhances, 

Raj i adapted  dengue  virus  replication  in  lymphocytes;  5)  virus  replica- 
tion can  result  in  titers  of  106  PFU/ml  in  monocytes  from  normal  donors, 
which  cannot  be  improved  with  added  antibody;  6)  normal  monocytes  that 
replicate  wild  virus  will  not  replicate  a candidate  dengue-2  live  virus 
vaccine  strain;  7)  monocytes  from  a dengue  immune  donor  or  the  presence 
of  antibody  in  the  culture  medium  with  normal  monocytes,  will  allow  a 
delayed  and  low  level  replication  of  the  dengue-2  vaccine  strain, 
similar  to  the  pattern  of  replication  observed  with  the  attenuated 
yellow  fever  vaccine. 


1.  Isolation  of  monocytes  and  lymphocytes 

Since  the  relatively  high  levels  of  dengue  virus  replication  in 
monocytes  from  normal  human  donors  does  not  agree  with  published  infor- 
mation from  another  laboratory  (Halstead  et  al , 1973,  1976),  the 
following  description  of  the  monocytes  isolation  procedure  is  given: 

Blood  was  generally  drawn  in  four  60ml  aliquots  of  50  ml  syringes 
containing  1 ml  of  1000  unit/ml  heparin.  Each  60  ml  of  heparinized 
blood  was  immediately  delivered  into  a 75  cm2  plastic  culture  flask 
(Falcon  3024)  containing  75  ml  of  blood  diluent  (Ca++  and  Mg++  free 
Hanks  balanced  salt  solution  with  0.01  M Hepes  buffer  and  0.0025  M EDTA). 
After  gentle  mixing,  the  diluted  blood  was  dispensed  into  50  ml  plastic 
conical  centrifuge  tubes  (Falcon  2070)  in  35  ml  volumes.  Approximately 
15  ml  of  Ficoll-Hypaque,  specific  gravity  1.077,  was  carefully  injected 
beneath  the  diluted  blood  with  a spinal  needle.  The  Ficoll-Hypaque  was 
prepared  by  mixing  450  ml  of  9.0%  Fi col  1 (Pharmacia  or  Sigma)  with 
187.5  ml  of  33.9%  hypaque  previously  diluted  down  from  a coimierical  50% 
solution  (Sterling  Organic).  The  specific  gravity  was  adjusted  from 
1.082  to  1.077  with  about  50  ml  of  distilled  water.  For  convenience, 
Ficoll-Hypaque  solutions  of  1.077  and  1.082  prepared  according  to 
Boyum  (1968)  were  measured  in  a refractometer;  subsequent  batches  were 
then  adjusted  according  to  the  refractive  index. 

The  tubes  containing  the  diluted  blood  on  top  of  a Ficoll-Hypaque 
cushion  were  centrifuged  at  350  x g for  40  minutes  at  room  temperature. 
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White  cell  layers  visible  just  above  the  Ficoll-Hypaque  were  aspirated 
in  12  to  13  ml  volumes  with  a 10  ml  pipette,  pooled,  diluted  1:2  with 
blood  diluent,  and  centrifuged  again  at  350  x g for  only  7 minutes  at  4C. 
The  white  cell  pellets  were  resuspended  in  100  ml  of  blood  diluent  and 
recentrifuged  for  7 minutes  two  more  times. 

The  final  white  cell  pellets  were  suspended  in  10  ml  of  growth 
medium  for  enumeration  of  cells.  Growth  medium  consisted  of  RPM1  1640 
containing  10%  fetal  calf  serum  and  0.01  M Hepes  buffer.  Microscopic 
examination  revealed  mononuclear  phagocytes  (monocytes)  and  lymphocytes. 
The  following  table  shows  that  the  yield  of  white  cells  ranged  from  2.0 
to  6.6  x 108/240  ml  blood. 


TABLE  1.  Yield  of  white  cells  obtained  from  240  ml  blood  from  human 
donors  in  order  of  experiments. 


Donor 

Yield  x 108 

Donor 

Yield  x 108 

Donor 

Yield  x 108 

A.B. 

2.6 

J.D 

3.4 

B.J. 

3.5 

C.B. 

2.2 

K.B. 

2.4 

B.P. 

2.0 

L.  A. 

3.2 

M.W. 

2.4 

B.P. 

2.4 

L.A. 

2.8 

W.B. 

2.0 

D.F. 

4.4 

D.P. 

4.8 

J.D. 

3.5 

L.W. 

3.8 

Z.T. 

4.0 

M.W. 

4.5 

R.S. 

2.7 

B.P. 

4.0 

F.M. 

6.0 

J.D. 

6.6 

S.H. 

3.4 

S.H. 

2.5 

Utilizing  the  separation  method  described  in  our  collaborative 
studies  (Theofi lopoulos  et  al , 1976)  the  white  cells  were  plated  in  20 
ml  growth  medium  at  1.3  x 10?  in  cell  culture  petri  dishes  (Falcon) 
having  a surface  area  of  50  cm2.  The  dishes  were  incubated  at  35  C in 
a C02  humidified  incubator  for  3 hours,  then  rotated  to  resuspend  the 
nonadherent  cells,  which  were  aspirated  from  the  plates  and  stored  in 
plastic  75  cm2  cell  culture  flasks.  The  plates  were  washed  with  5 ml 
blood  diluent  to  remove  residual  nonadherent  cells  as  well  as  loosely 
adherent  cells.  The  adherent  cells  were  scraped  from  the  plastic  sur- 
face with  a rubber  policeman  in  0.5  ml  blood  diluent  pooled  and  counted; 
approximately  10  to  15  percent  of  the  total  white  cell  population  was 
obtained  at  this  step,  and  they  are  referred  to  as  "originally  adherent 
cells".  These  cells  were  plated  again  at  5 x 106  per  25  cm2  plastic  cell 
culture  flask  (Falcon  3012)  and  incubated  with  the  caps  loose  in  the  CO2 
incubator  overnight.  The  following  morning  the  growth  surfaces  of  the 
flasks  were  washed  to  remove  nonadherent  cells.  The  final  adherent  cell 
population  (secondary  adherent  cells)  represented  about  1 percent  of  the 
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starting  white  cell  population  and  served  as  the  major  cell  type  for  the 
study  of  dengue  infection.  The  adherent  cells  had  the  characteristic 
morphology  of  mononuclear  phagocytes  and  retained  their  ability  to  phago- 
cytize  latex  particles. 


2.  Effect  of  virus  passage  history  and  monocyte  culture  time  on 
susceptibility  to  infection. 

The  susceptibility  of  the  secondary  adherent  cells  to  dengue 
virus  was  first  evaluated  with  the  16681  strain  of  dengue-2  virus,  iso- 
lated from  a case  of  dengue  hemorrhagic  fever  in  Thailand,  and  adapted 
to  grow  in  Raji  cells.  Aliquots  of  cells  in  their  first,  second  and 
fifth  days  of  culture  were  infected  at  a theoretical  multiplicity  of 
infection  (MOI)  of  0.2  (10$  infectious  units  in  1 ml  spread  over  5 x ICr 
monocytes  scattered  over  the  plastic  surface).  Virus  in  the  inoculum 
was  allowed  to  adsorb  to  the  cells  for  1H  to  2 hours  at  35  C after  which 
the  inoculum  was  removed  and  the  plastic  growth  surface  gently  washed 
to  remove  residual  inoculum.  Six  milliliters  of  growth  medium  was  added 
to  the  flasks,  1 ml  was  removed  for  a 0 time  sample  and  the  flasks  were 
incubated  for  5 to  6 days.  One  milliliter  of  medium  was  removed  at 
daily  intervals  and  replaced  with  an  equal  amount  of  fresh  medium.  The 
timed  samples  were  assayed  for  infectious  virus  by  plaque  formation  on 
LLC-MK2  cells  (Eckels  et  al , 1977). 

Monocytes  infected  during  their  first  day  in  culture  produced  peak 
virus  (in  excess  of  104  PFU/ml ) for  a longer  period  of  time  than  the 
cells  infected  during  their  second  day  in  culture  (Figure  1).  Second 
day  cells  appeared  to  produce  virus  sooner  and  to  slightly  higher  titers 
than  the  day  1 culture  cells,  but  virus  production  fell  below  the  day  1 
cells  on  the  last  3 days  of  the  6 day  experiment.  Monocytes  infected 
during  their  fifth  day  in  culture  also  replicated  dengue  virus,  but  only 
to  a low  titer.  Nevertheless,  the  quantities  of  virus  that  were  obtained 
indicated  that  monocytes  could  be  infected  productively  anytime  after 
isolation. 


The  quantities  of  virus  produced  by  a culture  of  monocytes  at  any 
given  time  post  infection  was  not  consistent  even  in  cells  from  the  same 
donor  obtained  only  one  month  later  (Figure  2).  It  can  be  seen  in  this 
figure  that  virus  production  in  monocytes  (infected  during  the  first  day 
of  culture)  was  still  climbing  by  the  fifth  day  post  infection,  whereas 
in  Figure  1 at  this  time,  virus  production  had  reached  a plateau  or  was 
decreasing.  The  ability  of  dengue  virus  to  replicate  in  human  monocytes 
may  depend  on  the  strain  or  passage  history  as  described  in  our  previous 
study  (Theofilopoulos  et  al , 1976).  Figure  2 shows  the  growth  curve  of 
the  Raji  adapted  virus  strain  16681  after  it  was  passaged  once  in  LLC- 
MK2  cells;  the  virus  replicated  about  as  well  as  before  it  was  passaged 
in  LLC-MK2  cells.  However,  a potent  mouse  brain  seed  of  dengue  2 virus 
did  not  replicate,  even  when  it  was  passed  once  in  LLC-MK2  cells 


(Figure  2).  Finally,  the  Puerto  Rico-159  strain  of  dengue  2 virus 
passaged  6 times  in  certified  primary  african  green  monkey  kidney  cells 
(GMK-6)  was  only  detected  2 days  post  infection  in  monocytes  from  the 
same  donor.  Monocyte  donors  consistently  fell  into  two  groups;  either 
a small  amount  of  virus  was  produced  by  the  monocytes  from  some  donors 
(always  detected  2 days  post  infection  as  in  Figure  2)  or,  as  much  as 
106  PFU/ml  similar  to  the  Raji  adapted  virus  in  Figure  1. 


3.  Growth  of  wild  and  attenuated  dengue  viruses  on  human 
monocytes. 

Background  and  purpose:  One  of  our  current  goals  is  the  isolation 
and  passage  of  variants  or  subpopulations  of  virus  particles  from  wild 
(parent)  dengue  viruses  representing  each  of  the  four  serotypes  to 
obtain  variants  might  be  attenuated  for  possible  human  immunization. 

The  ultimate  goal  is  the  preparation  of  a multivalent  vaccine  to  the 
dengue  viruses.  The  precedent  for  a live  flavivirus  vaccine  was  estab- 
lished with  the  serologically  related  yellow  fever  virus.  Laboratory 
work  is  directed  toward  establishing  a series  of  characteristics  which 
clearly  differentiate  the  wild  virus  from  a cloned  variant;  these 
characteristics  may  provide  an  indication  as  to  the  suitability  of  the 
cloned  variant(s)  for  use  as  a candidate  live  virus  vaccine. 

The  parent  dengue-2  virus  (PR-159)  was  isolated  from  human  serum 
and  passaged  in  certified  primary  grivet  monkey  kidney  cells  6 times 
(GMK-6);  the  viruses  produces  large  and  small  plaques  when  assayed  on 
LLC-MK2  cells.  A small  plaque  forming  clone  was  isolated  by  picking 
plaques  and  passaging  them  on  certified  GMK  cells  monolayers.  The  small 
plaque  clone,  in  contrast  to  the  parent  virus  is  temperature  sensitive, 
a virulent  for  suckling  mice,  and  produces  an  antibody  response  in 
monkeys  without  producing  detectable  viremia  (1972-1976  Annual  Reports). 
We  studied  the  interaction  of  the  parent  and  small  plaque  virus  with 
human  monocytes  isolated  as  described  in  the  previous  section.  We  also 
studied  the  phenomenon  of  immunological  enhancement  described  by  Halstead 
et  al . , (1976,  1977)  who  indicated  that  potent  dengue  virus  replication 
would  occur  only  in  leukocytes  from  normal  or  non-immune  donors  if  heter- 
ologous or  homologous  non-neutralizing  antibody  was  added  to  the  culture 
medium  (i.e.  using  a 1:5000  dilution  of  antiserum  that  had  a plaque 
reduction  neutralization  titer  (PRNT)  of  1:80).  Our  observations  with 
primate  monocytes  (see  below)  agreed  with  Halstead's  findings,  but  we 
found  that  human  monocytes  could  replicate  wild  dengue  without  the 
addition  of  antibody  to  the  culture  system.  However,  when  replication 
in  some  monocyte  cultures  only  reached  peak  titers  of  1Q3  to  104  PFU/ml, 
antibody  added  to  aliquots  of  the  same  cells  resulted  in  increases  of 
virus  up  to  400-fold.  Whenever  the  virus  replicated  as  high  as  10& 

PFU/ml  in  monocyte  cultures,  from  some  donors,  antibody  had  no  further 
enhancing  effect.  This  immune  enhancement  of  replication  was  tested  on 
both  the  parent  and  small  plaque  vaccine  candidate. 


a . Laboratory  production  of  parent  and  small  plaque  viruses. 
Both  viruses  grow  very  well  in  certain  laboratory  cell  culture  systems. 
Figure  3 illustrates  the  growth  curves  of  both  viruses  in  aliquots  of 
LLC-MK2  cells  infected  with  and  cultured  in  normal  medium  (10%  FBS  in 
medium  199)  containing  either  normal  human  serum  at  a 1:20  dilution, 
a 1:20  dilution  of  heterologous  dengue-3  human  antiserum  (DEN-3  PRNT  = 
1:20),  or  a 1:500  dilution  of  homologous  dengue-2  human  antiserum  (Den-2 
PRNT  = 1:80).  Each  of  the  viruses  replicated  equally  well  in  cells 
cultured  in  each  medium,  reaching  peak  titers  of  about  106  PFU/ml . Thus, 
the  presence  of  antibody  had  no  effect  on  the  relatively  potent  LLC-MK2 
replication  system  and  immune  enhancement  generally  cannot  be  demonstrated. 
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FIGURE  3.  Replication  of  parent  (left  graph)  and  small  plaque  (right 
graph)  dengue-2  (PR-159)  viruses  in  LLC-MK2  cells  cultured 
in  either  normal  or  antibody  containing  medium. 


b.  Replication  of  parent  and  small  plaque  viruses  in  mono- 
cytes. A distinctly  different  comparative  pattern  was  found  when  "these 
two  viruses  were  tested  for  their  ability  to  replicate  human  monocytes. 
Figure  4 depicts  the  growth  curves  of  the  parent  and  small  plaque  dengue- 
2 (PR-159)  viruses  in  monocytes  from  two  different  donors.  This  is 
representative  of  the  situation  we  observed  with  the  small  plaque  vaccine 
candidate  in  normal  monocytes;  either  a small  amount  of  virus  was 
detected  2 days  post  infection  after  which  no  virus  is  found,  or,  no 
virus  was  detected  at  all.  The  parent  virus,  on  the  other  hand,  generally 
replicates  to  at  least  103  PFU/ml.  We  found  one  donor  out  of  16  whose 
monocytes  would  not  replicate  the  parent  virus  at  all,  and  another  donor 
whose  monocytes  only  replicated  the  parent  virus  to  103  PFU/ml  (shown 
below) . 
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FIGURE  4.  Replication  of  parent  and  small  plaque  dengue-2  (PR-159) 
viruses  in  human  monocytes  from  2 different  donors. 


As  stated  above,  the  parent  virus  produces  a mixture  of  small  and 
large  plaques  on  monolayers  of  LLC-MK2  cel  1 S; however,  after  passage  or 
replication  in  monocytes,  we  usually  observe  mainly  large  plaques  in 
the  LLC-MK2  assyas  (Figure  5).  The  monocytes  thus  seem  to  restrict  the 
replication  of  the  small  plaque  forming  dengue  viruses,  whether  they  be 
present  in  the  parent  virus  at  the  6th  GMK  passage  level,  or  as  a 
purified  small  plaque  seed  at  the  19th  passage  level. 

c.  Replication  of  the  parent  and  small  plaque  viruses  in 
normal  monocytes~cul tured  in  the  presence  of  non-neutralizing  antibody. 
Both  viruses  were  mixed  with  media  containing  either  normal  sera,  heter- 
ologous  dengue-3  antibody,  or  homologous  dengue-2  antibody  di lutions  as 
described  in  section  a.  The  mixtures  were  used  to  infect  the  cells, 
and,  after  removing  the  inoculum  and  washing  the  adherent  cells  free  of 
residual  inoculum,  medium  containing  the  same  antiserum  dilution  was 
placed  on  the  monocytes.  One  milliter  of  medium  was  removed  immediately 
and  at  daily  intervals  and  the  same  volume  of  fresh  medium  was  added 
back  to  the  flasks.  The  results  of  plaque  assays  on  these  samples  is 
depicted  in  Figure  6;  the  parent  virus  did  not  replicate  very  well  in 
monocytes  cultured  in  normal  medium  (less  than  102  PFU/ml  at  2 days  post 
infection).  However,  the  same  virus  replicated  to  titers  up  to  200-fold 
greater  by  the  third  day  post  infection  when  dengue  antibody  was  included 
in  the  culture  medium.  This  confirms  the  observation  of  immune  enhance- 
ment described  by  Halstead  and  O'Rourke  (1977)  who  worked  with  unfrac- 
tionated peripheral  blood  leukocytes. 
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Immunological  enhancement  was  not  observed  with  the  small  plaque 
vaccine  candidate  in  monocytes  from  the  same  donor  (Figure  6).  Small 
plaque  virus  was  detected  at  a slightly  lower  titer  than  the  parent  virus 
in  normal  medium  2 days  post  infection  as  it  occurred  with  another  donor 
in  the  previous  figure.  No  virus  was  detected  at  all  from  monocytes 
infected  with  the  small  plaque  virus  in  the  presence  of  antibody.  The 
titer  (quantity)  of  the  input  virus  used  to  infect  the  monocytes  was 
the  same  after  mixing  it  with  either  normal  medium  or  antibody  containing 
medium,  about  2.5  x 10^  PFU  (Figure  6-top),  similar  to  the  input  parent 
virus  which  replicated  very  well  in  the  presence  of  antibody. 

d.  Replication  of  parent  and  small  plaque  viruses  in  mono- 
cytes from  flavivirus  immune  donors^  We  studied  the  replication  of  the 
two  viruses  in  monocytes  from  a foreign  visitor  who  had  recovered  from 
a severe  case  of  West  Nile  Fever  in  March  of  1971.  West  Nile  virus  is 
serologically  and  structurally  related  to  dengue  virus,  both  being 
members  of  the  flavivirus  group  of  Togaviridae,  (formerly  the  group  B 
arboviruses).  Aliquots  of  "West  Nile  sensitized"  monocytes  were  infected 
with  the  dengue  type  2 (PR-159)  parent  and  small  plaque  viruses  in  the 
presence  of  normal  medium  and  West  Nile  antibody  at  a final  donor  serum 
dilution  of  1:20.  (The  HI  titer  of  this  serum  was  1:320,  the  PRNT  titer 
was  >1:160  in  1971;  the  HI  titer  in  1974  was  1:160) 

The  dengue-2  parent  virus  replicated  very  well  in  the  West  Nile 
sensitized  monocytes  cultured  in  normal  medium,  and  it  replicated  about 
8-fold  higher  in  these  monocytes  cultured  in  medium  with  West  Nile 
antibody  (Figure  7).  The  small  plaque  vaccine  candidate,  used  at  almost 
the  same  M0I  as  the  parent  virus,  did  not  replicate  at  all  in  the  West- 
Nile  monocytes  from  the  West  Nile  immune  donor  cultured  in  normal  medium. 
However,  in  these  monocytes  cultured  in  West  Nile  antibody,  the  small 
plaque  virus  replicated  in  a delayed  manner,  gradually  producing  increas- 
ing quantities  of  virus  through  the  5 day  culture  period.  A plaque 
assay  revealed  the  presence  of  intermediate  and  large  size  plaques, 
rather  than  all  small  plaques,  indicating  that  some  reversion  in  plaque 
characteristics  had  occurred  under  the  conditions  of  this  experiment. 
Reversion  can  be  prevented  by  adjusting  the  multiplicity  of  infection 
as  indicated  previously  (Eckels  et  al , 1 976).  However,  the  presence  of 
non-neutralizing  antibody  probably  creates  antigen-antibody  complexes  and 
more  efficient  infection  via  an  Fc  receptor  on  the  monocyte. 

Similar  experiments  were  done  with  monocytes  from  a yellow  fever 
immune  donor  (Figure  8)  and  a dengue  immune  donor  (Figure  9).  The  small 
plaque  virus  either  did  not  replicate  at  all  or  did  not  replicate  well 
unless  the  monocytes  were  infected  and  cultured  in  the  presence  of  non- 
neutralizing antibody.  In  the  monocytes  from  both  individuals,  the  par- 
ent virus  replicated  so  well  that  little  if  any,  immune  enhancement 
was  demonstrable  with  added  antibody  in  the  culture  medium. 
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FIGURE  9.  Replication  of  parent  and  small  plaque  dengue-2  (PR-159) 
viruses  in  human  monocytes  from  a dengue-2  immune  donor. 


We  found  one  normal  donor  whose  monocytes  replicated  the  small 
plaque  virus  up  to  about  103  PFU/ml , but  again,  in  a delayed  manner 
(Figure  10).  The  presence  of  antibody  increased  the  yield  even  more. 
Since  the  Asibi  parent  of  the  yellow  fever  vaccines  can  produce  lethal 
infections  in  humans,  the  replication  of  two  yellow  fever  vaccine  viruses 
was  compared  with  wild  dengue  virus  as  depicted  in  Figure  11.  Again,  the 
parent  dengue  virus  replicated  so  well  that  immune  enhancement  could  not 
be  demonstrated.  The  yellow  fever  vaccine  strains,  on  the  other  hand, 
replicated  in  a delayed  manner  with  lower  titers.  However,  the  pattern 
of  replication  of  the  dengue-2  small  plaque  virus  in  Figure  10  appeared 
to  be  similar  to  that  of  the  attenuated  yellow  fever  live  virus  vaccine 
in  monocytes  from  normal  donors  (Figure  11). 
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4.  Replication  of  dengue  virus  in  human  monocytes  with  varying 
adherence  characteristics. 

In  order  to  determine  if  there  was  a functional  requirement  for 
monocytes  to  have  adherent  properties  to  replicate  dengue  virus,  we 
attempted  to  obtain  monocytes  with  increasing  adherence  properties  by 
harvesting  the  cells  that  came  off  in  increasing  concentrations  of 
ethanol.  As  described  above,  white  cells  isolated  by  Ficoll-Hypaque 
centrifugation  were  incubated  in  petri  dishes  for  3 hours.  The  non- 
adherent cells  were  removed  and  the  plates  were  washed  with  10  ml  of 
blood  diluent.  The  plates  were  then  swirled  with  another  10  ml  of 
blood  diluent  and  those  cells  that  detached  were  pooled  and  set  aside 
as  a "0"  percent  ethanol  cell  population.  The  dishes  were  then  incubated 
for  5 minutes  each  time  with  blood  diluent  containing  increasing  concen- 
trations of  ethanol  from  0.1  to  2.5  percent.  Following  the  2.5%  alcohol 
wash,  about  4 to  15%  of  the  cells  remained  attached  to  the  plates.  The 
cells  in  the  alcohol  solutions  were  washed  twice  by  centrifugation, 
counted  and  replated  in  1.8  cm2  wells  in  a Linbro  24-well  tissue  culture 
tray.  Only  0.1%  of  the  cells  reattached  after  this  procedure.  These 
cells,  in  addition  to  the  cells  remaining  adherent  to  the  large  dishes 
after  the  ethanol  washes,  were  infected  with  the  parent  virus.  The 
results  of  a 5 day  experiment  are  depicted  in  Figure  12  which  shows  the 
growth  curves  adjusted  PFU/ml/2600  cells,  and  sorted  on  two  adjoining 
graphs.  The  family  of  curves  on  the  left  indicate  that  the  less  easily 
detachable  cells,  those  detached  only  by  increasing  concentrations  of 
ethanol  (up  to  0.8%),  have  a decreased  capacity  to  replicate  dengue-2 
virus.  The  curves  on  the  right  graph  in  Figure  12  indicate  that  2.5% 
alcohol  removed  some  cells  that  could  replicate  dengue  dengue,  and  finally 
those  cells  that  were  not  susceptible  to  removal  could  replicate  dengue 
even  better.  While  the  interpretation  of  the  "ethanol"  curves  may  not 
be  valid  because  of  the  low  percentage  of  cells  that  reattached  after 
removal  by  the  alcohol,  the  important  point  is  that  there  is  both  a 
strongly  and  weakly  adherent  cell  population  that  replicates  dengue 
virus.  The  concept  of  weakly  and  strongly  adherent  cells  may  have  some 
significance  when  replication  in  monkey  monocytes  is  considered  in  the 
following  section.  We  found  that  dengue  replicates  only  in  weakly 
adherent  cells  from  monkeys,  whereas  both  weakly  adherent  and  strongly 
adherent  human  cells  support  dengue  replication. 


5.  Replication  of  parent  and  small  plaque  dengue  virus  in 
monkey  monocytes. 

Monkeys  are  presently  the  only  available  laboratory  model  for 
dengue  infection,  e.g.  they  exhibit  viremia  and  antibody  production  but 
no  overt  sign  of  disease.  The  parent  dengue-2  virus  produces  viremia 
and  specific  antibodies  while  the  small  plaque  dengue-2  (PR-159)  virus 
causes  an  antibody  response  without  producing  detectable  viremia.  We 
wanted  to  know  if  replication  in  monocytes  in  vitro  correlated  with 
the  presence  of  viremia. 
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FFGURE  12.  Replication  of  dengue  2 virus  in  monocytes  with  varying 
adherence  properties. 


Monocytes  were  obtained  from  normal,  dengue-2  immune,  and  dengue-3 
immune  monkeys  (two  each).  The  originally  adherent  cells  rather  than 
secondary  adherent  cells  were  used  since  monkey  monocytes  were  too 
fragile  to  withstand  the  scraping  and  replating  used  to  obtain  the  secon- 
dary adherent  cells.  In  addition,  monkey  monocytes  were  not  strongly 
adherent;  we  lost  over  half  of  them  during  the  process  of  infection  and 
removal  of  the  inoculum. 

Attempts  to  demonstrate  either  parent  or  small  plaque  virus  repli- 
cation in  the  monkey  adherent  cells  cultured  in  normal  medium  were  not 
successful.  We  had  thought  that  residually  attached  immunoglobulin  on 
the  monocytes  from  the  dengue  immune  monkeys  might  facilitate  infection 
and  replication  via  itimune  enhancement,  at  least  with  the  parent  virus. 
Monocytes  from  the  six  monkeys  were  also  cultured  in  medium  containing 
dengue-2  antibody;  no  small  plaque  virus  replication  occurred  at  all, 
and  only  a few  PFU  of  parent  virus  was  obtained  from  the  monocytes  from 
one  of  the  six  monkeys.  These  results  are  quite  different  from  the  virus 
production  observed  in  human  monocytes. 

Since  we  observed  in  the  preceeding  section  that  weakly  adherent 
human  monocytes  may  replicate  dengue  virus  to  higher  titer  than  the 
strongly  adherent  cells,  we  attempted  infection  with  weakly  adherent 
cells.  Following  removal  of  the  nonadherent  cells,  the  dishes  were 
washed  gently,  and  the  remaining  cells  were  removed  with  the  vigorous  agita 
tion  and  pipetting.  These  cells  were  infected  and  maintained  as  a quasi- 
suspension culture  (agitation  twice  a day). 


The  results  are  depicted  in  Figure  13.  Again,  replication  of  the  parent 
virus  did  not  occur  in  the  weakly  adherent  monocytes  cultured  in  normal 
medium;  however,  replication  did  occur  in  monocytes  cultured  in  dengue-2 
antibody.  A delayed  and  low  level  replication  of  the  small  plaque 
virus  occurred  only  in  the  presence  of  antibody.  Thus,  replication 
via  immune  enhancement  could  be  demonstrated  in  weakly  adherent,  but  not 
strongly  adherent  monkey  monocytes,  and  explains  the  problems  that 
investigators  have  had  using  monkey  monocytes  for  studies  of  dengue 
replication. 


IMMUNE  ENHANCEMENT  OF  DENGUE  VIRUS  REPLICATION  IN  WEAKLY  ADHERENT 


FIGURE  13.  Dengue  virus  replication  in  weakly  adherent  monocytes  from 
normal  monkeys.  Replication  occurs  only  in  the  presence  of 
non-neutralizing,  antibody. 
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B.  Dengue  infection  of  human  lymphocytes 
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The  study  of  the  replication  of  dengue  viruses  in  lymphocytes 
(nonadherent  cells)  was  not  pursued  to  the  extent  that  it  was  in  mono- 
cytes since  lymphocytes  were  not  susceptible  to  infection  during  the 
first  day  in  culture.  As  shown  in  previous  studies  (Theofilopoulos 
et  al.,  1976)  the  Raji  adapted  strain  of  dengue  2 (16681)  virus  would 
only  replicate  in  lymphocytes  that  were  cultured  for  several  days  after 
isolation.  This  virus  replicated  to  a higher  titer  and  was  detected 
earlier  in  the  growth  curve  when  the  lymphocytes  were  cultured  for 
several  days  with  pokeweed  mitogen  or  phytohemagglutinin  prior  to 
infection,  suggesting  that  the  "T"  cell  subpopulation  of  lymphocytes 
might  be  supporting  virus  replication.  However,  dengue  was  found  to 
replicate  only  in  lymphocytes  having  "B"  cell  characteristics. 

The  replication  of  Raji  adapted  dengue  virus  in  3-day  cultured 
lymphocytes  may  represent  a laboratory  artifact;  however,  we  evaluated 
the  ability  of  the  PR-159  strain  of  dengue-2  virus,  passaged  six  times 
in  certified  primary  monkey  kidney  cells  (GMK-6),  to  replicate  in  lympho- 
cytes and  compared  it  to  the  Raji  adapted  virus  in  aliquots  of  the  same 
cells.  Infection  was  accomplished  by  resuspending  2 x 107  nonadherent 
cells  in  1 ml  of  inoculum  containing  2 x 1CP  PFU  (MO I = 0.01).  Following 
incubation  for  1^  to  2 hours  at  35  C in  a C02  incubator  with  occasional 
agitation,  the  cells  were  centrifuged  from  the  inoculum  at  350  x g for 
7 minutes  at  40C.  The  residual  virus  inoculum  was  removed  from  the  cells 
by  repeated  (three  times)  resuspension  in  12  ml  of  blood  diluent  and 
centrifugation.  The  fourth  resuspension  was  in  12  ml  of  growth  medium 
which  was  dispensed  in  2 ml  aliquots  into  small  plastic  petri  dishes 
(Falcon  3001  - 35  x 10  mm).  The  remainder  was  frozen  as  a 0 time 
sample.  Daily  samples  were  obtained  for  5 days  by  freezing  the  contents 
of  1 dish  from  each  donor. 

The  growth  curves  in  monocytes  from  two  donors  are  presented  in 
Figure  14.  Only  the  Raji  adapted  dengue  virus  replicated  in  the  lympho- 
cytes. The  PR-159  GMK-6,  virus  strain  did  not  replicate  in  lymphocytes 
even  at  a 10-fold  greater  M0I.  Thus,  the  dengue-2  GMK-6  virus  could  be 
differentiated  from  a laboratory  strain  that  was  adapted  to  transformed 
cells. 

The  GMK-6  virus  was  used  as  the  wild  parent  virus  from  which  the 
attenuated  small  plaque  forming  vaccine  candidate  was  isolated  (1972- 
1976  Annual  Reports).  Since  lymphocytes  were  not  susceptible  to  infec- 
tion with  the  parent  virus,  we  carried  out  several  more  experiments  to 
determine  if  the  small  plaque  Dengue-2  PR159  vaccine  virus  candidate 
had  acquired  the  ability  to  replicate  in  lymphocytes.  A representative 
experiment,  shown  in  Figure  15,  indicated  that  neither  the  parent  nor 
the  small  plaque  virus  replicated  in  lymphocytes,  while  the  Raji-  adapted 
virus,  used  as  a positive  replication  control,  replicated  relatively  well. 
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Finally,  we  determined  if  the  parent  and  small  plaque  viruses 
would  replicate  in  lymphocytes  as  in  monocytes  when  antibody  was  included 
in  the  culture  medium.  Again,  these  two  viruses  did  not  replicate; 
however,  the  Raji  adapted  dengue-2  virus  which  served  as  a positive 
replication  control  for  the  lymphocytes  was  inhibited  by  the  same  anti- 
serum that  enhanced  virus  production  in  monocytes  as  described  above. 
Almost  identical  results  was  obtained  with  lymphocytes  from  separate 
donors  studied  one  month  apart  (Figure  16);  quantities  of  Raji  adapted 
virus  in  the  normal  culture  medium  increased  substantially  following 
the  initial  detection  of  new  virus  progency  two  days  post  infection. 

New  virus  progency  in  the  culture  medium  containing  heterologous  dengue-3 
antibody  was  also  first  detected  two  days  post  infection,  but  the  quanti- 
ties were  10-fold  less,  and  decreased  over  100-fold  after  the  third  day 
post  infection. 

IMMUNE  DEPRESSION  OF  RAJ1-ADAPTED  DENGUE  VIRUS  IN  LYMPHOCYTES 
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FIGURE  16.  Effect  of  non-neutralizing  antibody  on  the  replication  of 
Raji  adapted  dengue  virus  in  lymphocytes. 


This  represents  another  biological  distinction  between  the  non- 
adherent (lymphocytes)  and  adherent  (monocyte)  white  cells  and  adds 
yet  another  parameter  attesting  to  the  validity  of  the  method  used  in 
this  report  to  study  replication  in  the  two  types  of  cells:  Monocytes 
are  essentially  immediately  infectable  and  can  produce  greater  quantities 
of  virus  in  the  presence  of  antibody;  lymphocytes  have  to  be  cultured 
before  they  become  susceptible  to  infection  and  virus  production  is 
depressed  in  the  presence  of  antibody.  This  base-line  data  was  extended 
further  by  investigators  in  the  SEATO  laboratory  when  they  showed  that 
virus  isolation  was  accomplished  from  monocytes  (adherent  cells)  recovered 
from  dengue  patients  rather  than  the  non-adherent  cells  containing  the 
various  population  of  lymphocytes.  (LTC  R.M.  Scott,  personal  communication) 


C.  The  effect  of  noninfectious  viral  antigens  on  the  sensitivity 
of  plaque  reduction  neutralization  tests  for  dengue  antibody. 

Identification  of  virus  strains  of  subtypes  is  ultimately 
accomplished  by  neutralization  of  their  infectivity  with  specific 
reference  antisera.  Investigators  from  many  laboratories  must  coll  aborate 
in'the  identification  of  arthropod-transmitted  viruses  isolated  from 
materials  collected  in  the  field.  Although  different  laboratories  may 
use  the  same  reference  antisera  for  virus  identification,  variations  may 
be  found  in  antibody  titer  from  lab  to  lab.  These  titers  are  important 
when  cross  neutralization  tests  are  evaluated  for  revealing  previously 
unrecognized  viruses,  or  identifying  new  strains  of  known  viruses. 

Infected  suckling  mouse  brain  is  often  used  as  the  source  of  virus 
for  a neutralization  test;  one  laboratory  may  use  a low  dilution  of  the 
brain  homogenate  while  another  laboratory  may  use  a relatively  high 
dilution  to  obtain  a certain  number  of  infectious  units  to  be  neutralized 
by  the  antiserum.  The  following  study  was  designed  to  determine  if 
excess  non-infectious  antigen  in  low  dilutions  of  brain  homogenate 
could  compete  for  antibody  in  a plaque  reduction  neutralization  test 
(PRNT)  and  be  measured  by  a reduced  titer  of  neutralizing  antibody. 
Dengue-2  virus  (New  Guinea  * C ' ) was  chosen  for  the  experiments. 

Several  approaches  were  carried  out  to  examine  the  competing  rela- 
tionships between  infectious  and  non-infectious  antigen:  1)  using  the 
infected  mouse  brain  in  various  stages  of  purification  as  the  source 
of  virus  for  a PRNT;  2)  progressive  heat  inactivation  of  a mouse  brain 
homogenate  such  that  gradually  lower  dilutions  of  the  brain  homogenate 
had  to  be  used  to  obtain  the  test  dose  of  100  plaque  forming  units  (PFU); 
3)  complete  ultraviolet  inactivation  of  virus  concentrated  by  pelleting 
in  the  ultracentrifuge  and  adding  it  to  100  PFU  prior  to  mixing  with 
dilutions  of  the  antisera. 


1.  Virus  from  various  stages  of  purification  for  neutralization 

tests. 


Physical  and  chemical  treatment  of  infected  mouse  brain  homo- 
genates can  be  selected  to  decrease  the  quantity  of  host  tissue  as  well 
as  the  excess  viral  specified  antigens  not  incorporated  into  mature 
virions.  The  following  samples  (also  listed  in  Table  2 from  left  to 
right)  in  order  of  treatment  served  as  a source  of  virus  for  the  PRNT: 
a)  Crude  supernate  (6,000  x g supernate  of  a 20  percent  infected  mouse 
brain  suspension  in  Earles  balanced  salt  solution);  b)  Crude  pellet 
(6,000  x g sediment  from  a);  c)  Protamine  supernate  (6,UD0  x g supernate 
after  1 mg/ml  protamine  sulfate  mixed  for  45  minutes  with  crude  supernate); 
d)  Protamine  pellet  (6,000  x g sediment  from  c);  e)  Ultracentrifuqe 
supernate  (residual  virus  after  sedimenting  it  in  the  ultracentrifuge); 

f)  Ultracentrifuqe  pellet  (sedimented  virus  concentrated  about  50-fold); 

g)  Virions  (purified  particles  obtained  as  a rapidly  sedimenting  hemag- 
glutinin (RHA)  from  sucrose  gradients  (Smith  et.al.,  1970;  Brandt  et.al, 
1970);  h)  Midgradient  peak  infectivity  (trailing  virions  plus  virion 
fragments  from  a sucrose  gradient);  i)  Trailing  peak  infectivity  (trail- 
ing virions  in  a sizeable  peak  of  non-infectious  slow-sedimenting  hemag- 
glutinin (SHA).  Each  of  these  samples  was  adjusted  to  give  a final 
concentration  of  20  percent  fetal  bovine  serum  in  order  to  provide  a 
protective  protein  matrix  during  freezing  and  thawing  necessitated 

by  storage  at  -70°C.  Aliquots  were  titrated  by  plaque  assay  in  LLC-MK2 
cells  (Eckels  et  al , 1976)  and  appropriate  dilutions  were  calculated  to 
obtain  a plaque  count  of  about  100  PFU  per  test.  The  duluted  virus  was 
mixed  with  serial  two-fold  and  sometimes  intermediate  dilutions  of 
reference  antibody  prepared  in  mouse  ascitic  fluid  by  standard  procedures 
(Brandt  et  al , 1967;  Chiewsilp  and  McCown , 1972).  The  accuracy  of  virus- 
antibody  mixtures  were  sometimes  checked  by  the  addition  of  radioisotope. 
The  mixtures  were  incubated  for  30  minutes  at  room  temperature  and  then 
inoculated  onto  LLC-MK2  cell  monolayers  to  measure  residual  virus  by 
plaque  assay.  The  titer  of  the  antiserum  when  tested  against  each  of 
the  infectious  antigen  samples  is  shown  in  Table  2 and  represents  that 
dilution  which  neutralized  50  percent  of  the  plaque  counts  in  that  parti- 
cular antigen  preparation. 

It  can  be  seen  in  Table  2,  left  side,  that  each  step  of  antigen 
purification  resulted  in  the  detection  of  a higher  titer  of  antibody  in 
the  antiserum.  It  would  appear  that  the  use  of  purified  virions  would 
enhance  the  titer  of  antiserum  considerably,  but  storage  of  the  virions 
under  our  conditions  resulted  in  much  lower  antibody  titers  in  repeated 
tests;  optimum  storage  conditions  are  yet  to  be  determined.  The  right 
side  of  Table  2 lists  the  titers  of  the  antiserum  when  it  was  tested 
against  each  of  the  materials  that  are  ordinarily  discarded  following 
each  step  of  purification  of  the  virus.  It  can  De  seen  that  the  anti- 
serum titers  are  2-3  fold  lower  than  with  the  corresponding  materials  on 
the  left  side  of  the  table,  suggesting  that  excess  non-infectious  antigen 
on  the  right  may  be  competing  for  the  antibodies.  It  can  also  be  seen 
that  the  antiserum  titers  gradually  increased  when  testing  it  against  the 
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discarded  material  from  each  successive  step  of  purification.  The 
lowest  titer  was  obtained  with  the  crude  pellet,  which  is  the  material 
containing  all  of  the  particulate  matter  from  the  mouse  brain  homogenate 
(i.e.  cell  membranes  containing  viral  antigen  and  proportionately  much 
less  infectious  virus).  It  would  appear  that  the  particulate  material 
was  the  most  effective  at  combining  with  the  antibody  and  left  the  least 
unbound  antibody  to  neutralize  the  infectious  virus  trapped  in  the  crude 
pel  let. 


TABLE  2.  Effect  of  different  stages  of  purification  of  dengue-2  virus 
on  the  titer  of  a reference  antibody  preparation. 


Material  for  further 
Purification 

Antibody 

titer 

Material  ordinarily 
discarded 

Antibody 

titer 

Crude  supernate 

1 : 1300 

Crude  pellet 

1 :640 

Protamine  supernate 

1 : 1 7 50 

Protamine  pellet 

1 :860 

Ultracentrifuge  pellet 

1 : 2560 

Ultracentrifuge  supernate 

1.940 

Virions 

1 :7000 

Trailing  infectivity 

1:1600 

Mid-peak  infectivity 

1 : 2560 

The  protamine  pellet  contains  the  soluble  brain  material  which  also 
has  noninfectious  antigen  associated  with  it  plus  infectious  virus 
trapped  in  the  protamine  precipitate.  The  antiserum  has  a slight  but 
insignificantly  higher  titer  when  tested  against  the  protamine  pellet 
suggesting  that  it  might  be  "cleaner"  than  the  crude  pellet.  The 
ultracentrifuge  supernate  would  appear  even  "cleaner"  than  the  crude 
pellet  since  the  antiserum  titer  is  still  higher.  The  ultracentifuge 
supernate  is  free  of  cell  membranes  and  considerable  soluble  host  com- 
ponents containing  noninfectious  antigen,  but  it  still  contains  surface 
subunits  and  larger  size  fragments  of  the  virion  which  can  combine  with 
antibody  leaving  it  unavailable  to  neutralize  the  infectious  virus.  The 
material  labeled  "trailing  infectivity"  represents  some  purified  virus 
mixed  with  a considerable  quantity  of  excess  non-infectious  virion  sur- 
face antigen  that  appear  as  ring  forms  or  "doughnuts"  under  the  electron 
microscope.  This  material  appeared  to  inhibit  the  neutralization  reaction 
but  not  as  much  as  the  other  discarded  materials.  The  mid-peak  infec- 
tivity contained  some  fragment  of  virions  mixed  in  with  the  infectious 
virions,  and  this  material  inhibited  the  neutralization  reaction  the 
least.  The  antibody  titer  obtained  with  the  mid-peak  infectivity  sample 
should  compare  favorably  with  the  antibody  titer  obtained  against  the 
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ultracentrifuge  pellet.  Both  preparations  contain  non-infectious  and 
infectious  antigen  in  about  the  same  proportions  and,  indeed,  the 
reference  antibody  preparation  exhibited  a titer  of  1:2560  against  each. 
It  would  appear  that  partial  purification  of  virus  preparations  improves 
the  sensitivity  of  the  neutralization  test,  probably  due  to  the  removal 
of  excess  virus  specific  but  non-infectious  antigen  which  competes  for 
neutralizing  antibody. 


2.  Heat  inactivation  as  a method  to  increase  the  proportion  of 
non-infectious  to  infectious  antigen  for  neutralization  studies.  The 
effect  of  increasing  noninfectious  antigen  with  a constant  number  of 
plaque  forming  units  in  a neutralization  test  was  approached  by  gentle 
heat  inactivation  of  the  infected  mouse  brain  suspension;  the  heated 
samples  were  titered,  adjusted  to  50-100  plaque-forming  units,  and 
mixed  with  dilutions  of  reference  antibody.  Heat  inactivation  of  the 
infected  mouse  brain  suspension  was  carried  out  at  two  temperatures, 
37°C  and  40°C  (Figure  17).  It  can  be  seen  that  heating  at  40°C  reduced 
the  number  of  plaque  forming  units  in  a convenient  time  interval  (about 
7 hours).  Higher  temperatures  caused  a precipitous  and  unpredictable 
decline  of  infectivity.  The  lower  temperature  of  37°C  resulted  in 
delayed  and  uneven  inactivation. 


TIME  IN  HOURS 

FIGURE  17.  Residual  dengue-2  virus  in  infected  suckling  mouse  brain 

following  incubation  at  37oC  (closed  circles)  and  40oc  (open 
circles).  The  virus  was  assayed  by  plaque  formation  in 
LLC-MK2  cell  culture. 
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The  unheated  infected  mouse  brain  suspension  (seed)  was  diluted 
1:40,000,  giving  an  average  of  105  plaques  for  use  in  the  neutralization 
test;  the  antibody  titer  obtained  with  this  antiben  preparation  was  1:1600. 
When  the  dengue  seed  was  heated  at  40°C  for  7 hours,  we  were  able  to  use 
it  undiluted  for  an  average  plaque  count  of  only  26.  This  should  have 
produced  a more  sensitive  neutralization  test  since  there  were  fewer 
plaques  to  neutralize,  but  the  titer  of  the  antibody  was  only  1:500, 
about  3-fold  lower  than  when  the  antiserum  was  tested  against  diluted 
and  unheated  seed  material.  When  the  dengue  seed  was  heated  for  5 
hours,  we  diluted  it  1:10  to  obtain  a plaque  count  of  59.  This  dilution 
resulted  in  the  reference  antibody  having  a higher  titer  of  1:1200, 
indicating  that  a substantial  amount  of  excess  non-infectious  antigen 
(as  when  the  undiluted  seed  was  used)  must  be  present  to  significantly 
block  a neutralization  reaction.  Some  indication  of  how  much  non- 
infectious  antigen  may  be  required  to  block  a neutralization  test  is 
given  in  the  next  section. 


3.  Addition  of  ultraviolet  inactivated  hemagglutinins  to 
dengue  virus  prior  to  the  neutralization  test. 

An  experiment  to  determine  if  neutralization  titers  could  be 
blocked  in  excess  of  four-fold  was  carried  out  by  inactivating  pelleted 
hemagglutinins  with  ultraviolet  (UV)  light.  Pelleted  hemagglutinins 
isolated  from  infected  mouse  brain  contain  approximately  equal  propor- 
tions of  infectious  and  non-infectious  hemagglutinins  separable  as 
rapid  and  slow  sedimenting  peaks  on  sucrose  gradients  (Figure  10,  1969 
Annual  Report).  UV  light  was  chosen  as  an  effective  method  of  cold 
sterilization,  about  3 minutes  being  required  to  reduce  the  plaque 
titer  of  a sucrose  purified  virion  preparation  about  10,000-fold  using 
2000  erg/cm2/sec  (Figure  13,  1968  Annual  Report).  Since  pelleted 
hemagglutinins  represented  an  unpurified  concentrated  virus  preparation 
also  contining  UV  absorbing  contaminating  proteins,  a high  power  UV  lamp, 
having  an  intensity  in  excess  of  that  directly  measurable  by  present 
day  meters,  was  chosen  and  first  shown  to  reduce  the  infectivity  of  a 
sucrose  purified  dengue  virus  preparation  100,000  fold  in  less  than 
30  seconds.  The  unpurified  pelleted  hemagglutinins  were  exposed  to  the 
high  power  UV  light  for  4 minutes,  which  completely  inactivated  10$ 
infectious  units.  The  effect  of  this  material  on  a neutralization  test 
was  tested  in  two  ways:  a)  it  was  mixed  with  an  equal  volume  of  dengue 
seed  diluted  to  contain  200  plaques/0.1  ml,  such  that  after  addition 
of  an  equal  volume  of  the  antibody  dilutions,  100  plaques/0.2  ml  would 
be  available  for  inoculation  on  LLC-MK2  cells  (as  indicated  by  control 
dilutions  with  normal  serum);  b)  a half  volume  of  the  UV  inactivated 
hemagglutinins  was  added  to  the  antibody  dilutions  first,  incubated  for 
2 hours,  then  the  diluted  dengue  seed  was  added.  In  both  tests,  the 
added  UV  inactivated  hemagglutinins  reduced  the  plaque  count  in  the 
controls  approximately  50  percent,  clearly  interfering  with  the  ability 
of  the  antibody  to  neutralize  dengue  virus.  Antibody  dilutions  commencing 
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at  1:300  were  unable  to  reduce  the  observed  plaque  count  in  the  UV 
hemagglutinin-seed  mixtures,  whereas  a 1:1500  dilution  of  the  antibody 
reduced  the  plaque  count  of  the  dengue  seed  material  alone  by  50  percent. 

A substantial  amount  of  additional  non-infectious  antigen  was  used  here 
to  reduce  an  antiserum  titer  in  excess  of  five-fold. 

In  section  2,  increasing  the  amount  of  non-infectious  antigen  in  a 
seed  preparation  by  heat-inactivating  most  of  the  infectivity  that  was 
already  there  reduced  the  antibody  titer  by  3-fold,  and  partially  puri- 
fying the  virus  as  shown  in  section  1 increased  the  titer  of  the  antibody 
by  2 to  3-fold.  Since  we  had  to  add  additional  antigen  to  the  system 
to  reduce  the  antibody  titer  in  excess  of  5-fold,  it  would  appear  that 
variations  of  this  extent  should  be  resolved  between  laboratories  on  a 
technical  basis.  These  observations  can  only  be  applied  to  virus 
obtained  from  infected  suckling  mouse  brain.  Our  prior  experience  with 
infected  cell  culture  media  was  quite  different  (1969  Annual  Report). 
Dengue  virus  released  into  the  media  from  cells  in  culture  is  generally 
now  accompained  by  a release  of  an  equivalent  amount  of  non-infectious 
antigen.  Only  when  the  cells  are  harvested  and  disrupted  can  quantities 
of  non-infectious  antigen  be  recovered.  Thus,  as  long  as  no  cytopathology 
is  present,  virus  in  cell  culture  fluids  is  much  cleaner  than  virus  in 
infected  mouse  brain  homogenates.  Pelleting  the  virus  from  cell  culture 
fluids  and  using  it  in  a neutralization  test  reduced,  rather  than  increa- 
sed, the  titer  of  a reference  antibody,  probably  due  to  a combination 
of  a)  neutralized  aggregates  that  disaggregated  on  inoculation  into 
the  assay  system  and  b)  simultaneous  concentration  of  competing  non-in- 
fectious antigen.  Pelleting  the  virus  from  infected  mouse  brain  on  the 
other  hand,  left  behind  enough  of  the  contaminating  non-infectious 
antigen  released  by  the  disrupted  cells  that  the  antiserum  titer  was 
increased.  While  other  factors  affect  the  titer  of  reference  antibody 
preparations,  (i.e.  inherent  variations  in  2-fold  dilutions,  fresh 
isolates  of  a given  dengue  strain  tend  to  elicit  lower  reference  anti- 
body titers  than  higher  passages  of  the  same  strain),  the  source  of  the 
virus  seed  material  should  be  considered  prior  to  experimental  mani- 
pulation. A diluent  that  can  prevent  aggregation  of  highly  purified 
virus  particles,  as  well  as  protect  the  purified  particles  during  frozen 
storage,  would  greatly  assist  antigenic  analysis  of  dengue  viruses. 


D.  Replication  of  dengue  virus  in  rabbit  kidney  cells 

Recent  information  obtained  from  a collaborative  study  with 
the  Scripps  Institute  indicated  that  dengue  virus  replicated  to  moderate 
titers  in  rabbit  endothelial  cells  (REC);  Raj i adapted  dengue  2 virus 
replicated  to  titers  at  least  10^  PFU/ml  and  mouse  brain  passaged  virus 
replicated  to  titers  of  at  least  10?  PFU/ml.  The  pathophysiology  of 
dengue  hemorrhagic  fever  may  evolve  from  both  direct  damage  to  endothelial 
cells  by  infectious  virus  and  the  release  of  complement  activators 
by  these  cells  as  a result  of  infection. 
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It  has  previously  been  observed  in  this  laboratory  that  dengue  virus 
does  not  replicate  in  rabbit  kidney  cells  (RKC)  but  does  induce  the 
synthesis  of  the  soluble  complement  fixing  (SCF)  antigen,  presumptive 
evidence  of  an  abortive  infection.  Endothelial  and  kidney  cells  are 
both  of  mesodermal  origin  and  might  be  expected  to  respond  similarly  to 
dengue  infection.  Therefore,  additional  studies  were  done  to  establish 
whether  or  not  dengue  does  cause  an  abortive  infection  in  RKC. 

Kidney  cell  cultures  from  2-3  week  old  rabbits  were  obtained  from 
Flow  Laboratories , Rockville,  MD,  or  prepared  from  fresh  rabbit  kidneys 
at  WRAIR  after  trypsinizing  for  two  hours  or  overnight.  (Rovozzo  et  al , 

1973).  The  source  of  cells  did  not  affect  the  results.  RKC  were  grown 
in  25  cm2  plastic  flasks  in  Earl's  minimal  essential  medium  supplemented 
with  2%  fetal  bovine  serum,  penicillin  and  streptomycin.  REC  used 
between  passages  20  and  45  were  derived  from  the  vena  cava  of  a normal 
animal  and  maintained  in  RPMI  1640  containing  20%  heat  inactivated  fetal 
calf  serum.  A mouse  brain  seed  of  dengue  2 (New  Guinea  Strain)  was  adsor- 
bed to  confluent  monolayers  of  RKC  or  subconfluent  REC  for  1-2  hours  at 
36°C.  Virus  was  then  removed.  REC  was  washed  three  times;  RKC  were 
washed  six  times  with  maintenance  media.  Each  wash  involved  the  addi- 
tion of  medium  vigorous  shaking  with  subsequent  incubation  for  5 minutes 
and  aspiration  of  the  wash.  Monolayers  were  fed  with  medium  and  incuba- 
ted at  36°C.  At  appropriate  times,  the  supernate  from  duplicate  flasks 
was  combined  and  stored  at  -70OC  until  tested  by  plaque  assay.  RKC  were 
washed  twice,  covered  with  a minimal  amount  of  TBS  and  stored  at  -70°C 
until  analysis  of  SCF  antigen  was  done.  The  plaque  assay  was  performed 
in  LLC-MK2  as  previously  described  (Eckels  et  al  , 1977).  Determination 
of  SCF  antigen  has  been  also  described  (Brandt,  et  al , 1970).  CF  antigen 
was  found  within  the  RKC;  we  have  not  yet  determined  if  it  was  synthesized 
in  the  absence  of  mature  progency  virus.  We  were  surprised  to  find 
that  mouse  brain  dengue  virus  adhered  tightly  to  RKC  but  not  to  REC 
or  monkey  kidney  cells. 

Viral  growth  curves  in  both  REC  and  RKC  are  seen  in  Figure  18. 

Dengue  replicated  to  low  titer  with  peak  production  in  REC  at  48  hours 
whereas  in  RKC  substantial  amounts  of  dengue  were  present  in  the  2 hour 
sample  with  subsequent  steady  decline.  No  cytopathic  effect  was  seen 
in  RKC.  The  preliminary  studies  do  not  confirm  the  previous  observation 
that  dengue  virus  does  not  replicate  in  RKC.  The  low  level  of  replica- 
tion initiated  by  the  mouse  brain  seed  in  the  rabbit  endothelial  cells 
could  have  occurred  also  in  the  kidney  cells  but  was  hidden  by  the 
unusual  high  binding  of  the  dengue  inoculum  and  subsequent  slow  elution 
over  several  days.  Further  work  is  underway  to  clarify  the  observations 
by  using  dengue  virus  from  cell  cultures  (including  Raji  cells)  and  by 
varying  multiplicities  of  infection. 

The  extremely  tight  initial  binding  of  dengue  mouse  brain  seed  virus 
to  the  RKC  was  not  expected  and  is  not  found  with  dengue  in  other  cell 
systems  including  the  REC.  This  attachment  could  lead  to  the  belief  that 
dengue  replicates  in  RKC  if  only  a 24-hour  sample  was  plaqued.  Initial 
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binding  with  subsequent  elution  of  infectious  virus  has  also  been 
observed  for  myxovi ruses,  picorna  viruses  and  polyoma  viruses.  (Lowberg- 
Holm,  and  Philipson,  1974).  The  release  of  some  viruses  is  due  to 
the  action  of  a receptor  destroying  enzyme  on  the  virion,  but  for  most 
others  the  mechanism  is  unclear  and  is  dependent  on  the  ionic  strength, 
temperature,  pH,  and  divalent  cations  of  the  medium.  The  role  of  these 
variables  on  the  interaction  of  dengue  and  RKC  has  not  been  investigated. 
Binding  and  growth  in  RKC  must  be  determined  for  Raj i -adapted  dengue 
virus  which  differs  in  lipid  content  from  mouse  brain  virus.  It  may  be 
that  the  higher  and  undoubtedly  qualitatively  different  lipid  content 
of  mouse  brain  virus  is  responsible  for  the  firm  initial  attachment. 

If  the  SCF  antigen  is  produced  in  RKC  when  complete  virus  replication 
has  been  shown  not  to  occur,  then  such  an  abortive  infection  may  prove 
useful  in  analyzing  intracellular  controls  of  dengue  replication. 


FIGURE  18.  Binding  of  dengue  infected  mouse  brain  inoculum  to  rabbit 
kidney  cells  as  contrasted  to  rabbit  endothelial  cells. 


E.  An  epidemic  of  dengue  in  Jamaica  - 1977. 

1 . Background 

In  March  and  April  1977,  an  increasing  number  of  febrile 
illnesses  occurred  in  a garrison  of  young  military  men  in  Up  Park  Camp, 
Kingston,  Jamaica.  By  mid-May,  over  300  cases  were  observed.  Dengue 
was  suspected  and  confirmed  by  serological  tests  in  the  Department  of 
Microbiology,  University  of  the  West  Indies  (UWI).  Retrospectively, 
the  onset  of  the  earliest  confirmed  case  in  Kingston  was  26  February 
1977. 


Ten  acute  sera  were  sent  to  the  CDC  San  Juan  Tropical  Disease 
Laboratory  for  virus  identification.  Three  sera  were  found  to  infect 
inoculated  mosquitoes;  the  virus  was  identified  as  dengue  type  1 by 
complement  fixation.  This  was  the  first  time  dengue  type  1 (Den-1) 
had  been  identified  as  the  cause  of  naturally  transmitted  disease  in  the 
Western  Hemisphere. 

Although  large  epidemics  of  dengue  occurred  in  Jamaica  in  1963 
(Griffiths  et  al , 1968)  and  1968-1969  (Ventura  and  Hewitt,  1970)  and 
sporadic  cases  have  been  diagnosed  in  other  years,  it  soon  became 
apparent  that  far  more  people  were  ill  during  the  1977  epidemic  than  at 
any  previous  time.  In  response  to  an  urgent  request,  a coordinated 
approach  to  the  study  and  control  of  the  epidemic  was  developed  among 
representatives  of  the  Ministry  of  Health,  The  University  of  the  West 
Indies  and  consultants  to  the  Pan  American  Health  Organization  from  the 
WRAIR. 


2.  Methods 

a.  Virus  isolation.  Virus  isolation  was  accomplished 

by  direct  plaque  assay  in  a continuous  line  of  LLC-MK2  cell  cultures. 

Virus  isolates  were  identified  by  plaque  reduction  neutralization  tests 
utilizing  reference  antisera  provided  by  the  Walter  Reed  Army  Institute 
of  Research  (WRAIR). 

b.  Antibody  detection.  Dengue  antibody  was  detected  by  a 
microtiter  modification  of  a standard  hemagglutination  inhibition  test 
of  paired  sera  using  suckling  mouse  brain  antigens  to  Den-1,  2,  3 and  4 
produced  by  the  SEATO  Medical  Research  Laboratory,  Bangkok,  and  provided 
by  the  WRAIR.  In  order  to  conserve  antigens,  sera  were  initially  screened 
with  DEN-1  or  -2  antigens.  Low  titered  or  negative  sera  were  tested 

with  all  four  dengue  antigens  as  needed.  A four-fold  rise  in  HI  anti- 
body titer  or  a "high-fixed  titer"  of  greater  or  equal  to  1:640  on  at 
least  one  of  two  sera  was  accepted  as  presumptive  evidence  of  a recent 
dengue  infection. 
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Epidemiological  studies  were  directed  toward  describing  serolo- 
gically confirmed  cases;  searching  for  cases  complicated  by  hemorrhage, 
shock  or  death;  following  the  progress  of  the  epidemic  throughout  the 
island;  and  determination  of  the  ratio  of  inapparent:  apparent  infections 
in  adults. 

c.  Description  of  the  disease.  Three  approaches  were  used 

to  describe  the  disease  syndrome.  Patients  were  examined  in  clinics  while 
acutely  ill  and  blood  samples  were  drawn  for  virus  isolation  attempts. 

A retrospecti ve  review  was  made  of  the  log  books  of  four  parish 
casualty  centers  by  Dr.  Carlos  Sanmartin,  PAHO  consultant,  to  determine 
the  age-specific  presenting  complaints  of  febrile  patients.  Lastly, 
a questionnaire  survey  combined  with  the  collection  of  paried  sera 
from  industrial  workers  permitted  the  association  of  specific  symptoms 
in  adults  to  serological  evidence  of  infection. 

d.  Case  reports.  Cases  of  complicated  dengue  with 
hemorrhage,  shock”  or  death  were  sought  and  investigated  by  interviewing 
physicians  and  reviewing  autopsy  reports.  Dengue  infection  was  consid- 
ered substantiated  only  if  serologic  evidence  of  recent  infection  was 
obtained  and  there  was  no  other  explanation  for  disease. 

The  progress  of  the  epidemic  was  monitored  through  reports  to  the 
Ministry  of  Health  from  health  centers  in  each  parish.  Twenty-two 
sentinel  reporting  stations,  one  in  each  parish  (12)  and  10  in  metro- 
politan Kingston,  were  selected  for  their  ability  to  provide  regular 
weekly  reports.  Each  station  provided  data  on  the  weekly  total  patients 
with  dengue  and  otherwise  unexplained  fevers.  Every  twentieth  febrile 
patient  was  to  have  an  acute  and  two  week  convalescent  blood  sample 
drawn  for  serological  testing  at  U.W.I. 

To  estimate  the  scope  of  the  epidemic,  the  age-specific  incidence 
rates  were  determined  for  cases  reported  by  the  10  sentinel  stations 
in  Kingston.  To  estimate  the  total  number  of  adults  infected,  the 
inapparent:  apparent  infection  ratio  was  estimated  by  surveying  two 
industrial  populations. 


3.  Identification  of  Dengue  virus  type  1 

A virus  isolated  in  LLC-MK2  from  an  acute  serum  collected 
in  Kingston  on  19  July  was  identified  as  DEN-1  12  days  later  by  direct 
plaque  assay  in  the  presence  of  typing  antisera.  Five  additional  strains 
of  virus  obtained  from  Jamaicans  and  one  strain  from  a resident  of 
Louisiana  who  had  recently  returned  from  Jamaica  have  also  been  identi- 
fied as  Den-1  by  plaque  reduction  neutralization  test  (Table  3). 
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TABLE  3.  Identification  of  six  dengue  virus  isolates  by  plaque  reduction 
neutralization  test. 


Date  Reciprocal  Titer  or  Neut. Antibody 
Virus  Serum 

Strain  Source*  Specimen  Collec-  Den-1  Den-2  Den-3  Den-4 


ted 


HI  3802 

SJTDL 

llc-mk2 

Pi 

17 

May 

70 

<10 

11 

<10 

HI  3806 

II 

II 

17 

May 

150 

<10 

<10 

<10 

14149** 

II 

serum 

13 

July 

90 

<10 

<10 

<10 

CV  1515 

UWI 

II 

12 

July 

88 

<10 

<10 

<10 

CV  1536 

II 

II 

13 

July 

100 

<10 

<10 

<10 

CV  1570 

II 

II 

14 

July 

100 

<10 

<10 

<10 

(Homologous 

titer) 

(1200) 

(1700) 

(640) 

(160) 

* SJTDL  is  San  Juan  Tropical  Disease  Laboratory;  UWI  is  University 
of  the  West  Indies. 


**  Serum  obtained  from  a resident  of  Louisiana  who  recently  returned 
from  Jamaica. 


4.  Description  of  the  acute  illness. 

Table  4 lists  the  frequency  of  the  most  common  symptoms 
of  adults  with  serologically  confirmed  secondary  dengue  infections.  These 
adults  were  employees  interviewed  by  questionaire  during  a survey  of 
two  companies.  The  symptoms  are  similar  to  those  described  previously 
for  patients  with  dengue  fever. 

A retrospective  review  of  the  casualty  room  log  books  at  the  Spanish 
Town  Clinic  suggested  that  there  were  age-specific  differences  in  the 
relative  frequency  of  presenting  complaints.  The  presenting  complaints 
of  1471  people  from  1-7  May  were  compared  to  1653  people  seen  from  15-21 
June,  at  the  peak  of  the  epidemic.  During  the  epidemic,  fever  was 
common  in  all  age  groups  up  to  59  years  and  was  usually  the  only  complaint 
in  children  under  5 years.  Painful  muscles, eyes  and/or  headache  were 
common  in  all  ages  over  4 years  and  became  the  predominant  symptoms  after 
age  20  years.  Headache  was  seen  with  increased  frequency  between  10 
and  40  years  and  abdominal  pain  after  age  40  years.  Gastrointestinal 


■?3S 


^ — ' — - • 


and  respiratory  complaints  were  increased  only  in  children  under  10 
years.  The  presenting  complaints  seen  at  three  other  casualty  rooms 
at  Port  Antonio,  Montego  Bay  and  Mandeville  were  similar  to  those  seen 
in  Spanish  Town. 


TABLE  4.  Frequency  of  specific  symptoms  in  adults  with  confirmed 
secondary  dengue  infections. 


Company  A 
(35) 

Company  B 
(69) 

Total 

(104) 

Percent 

Back  Pain 

14 

13 

27 

26 

Headache 

14 

12 

26 

25 

Feverishness 

16 

7 

23 

22 

Loss  of  Appetite 

15 

6 

21 

20 

Muscle  pain 

12 

8 

20 

19 

Eye  pain 

13 

7 

20 

19 

Leg  pain 

10 

8 

18 

17 

Abdominal  pain 

6 

11 

17 

16 

Nausea 

10 

2 

12 

12 

Rash 

5 

2 

7 

7 

Cough 

5 

2 

7 

7 

Diarrhea 

5 

2 

7 

7 

Unusual  bleeding 

2 

1 

3 

3 

Vomiting 

2 

0 

2 

2 

So rethroat 

1 

1 

2 

2 

5.  "Dengue"  with  complications 

Personal  observations  revealed  petechiae  on  the  hard 
palates  of  some  adults  during  the  acute  phase  of  disease,  but  few 
people  reported  any  unusual  bleeding  and  tourniquet  tests  were  uniformly 
negative  in  all  children  and  adults  tested.  A nonproductive  cough  was 
often  observed  during  the  second  week  of  illness  and  many  private 
physicians  reported  seeing  a post-dengue  depression  or  malaise  in  adults. 
No  cases  were  found  of  dengue  hemorrhagic  fever  or  dengue  shock  syndrome 
in  children. 

There  were  several  reports  of  "complicated  dengue"  in  adults; 
patients  with  bleeding,  shock  and/or  death  following  the  onset  of 
"typical"  symptoms  of  dengue.  None  of  the  patients  had  virus  isolation 
studies  and  none  have  been  serologically  confirmed.  This  does  not  mean 
that  dengue  with  hemorrhage  or  death  did  not  occur  during  the  epidemic. 
The  followirig  case  is  representative. 
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A 30+  year  old  lady  was  interviewed  in  Nuttal  Hospital  on  day  10 
of  ner  illness.  Her  initial  complaints  were  fever,  headache  and  leg 
pain  followed  by  weakness  and  photophobia.  On  day  4,  she  developed 
hematemesis  and  melana.  Her  platelet  count  was  30,000,  prothrombin 
time  13  sec/control  13.5  sec.,  partial  thromboplastin  time  47  sec/control 
38  sec.  and  hemoglobin  8.0  gm%.  Two  days  later,  her  platelet  count  was 
75,000  and  wbc  3600  with  neutrophils  47%,  lymphocytes  47%,  monocytes  6% 
and  eosinophils  2%.  This  lady  had  no  previous  history  of  GI  hemorrhage 
but  had  been  taking  a great  many  different  medications  for  weight  redu- 
ction. It  is  possible  that  she  had  a previously  undiagnosed  GI  disorder, 
such  as  peptic  ulcer  disease,  which  became  manifest  with  bleeding  due 
to  thrombocytopenia  secondary  to  a dengue  infection. 


6.  Progression  of  the  epidemic. 

Virtually  all  reports  of  dengue-like  illness  prior  to 
1 May  came  from  metropolitan  Kingston.  Reports  from  the  sentinel  stations, 
however,  showed  that  the  number  of  cases  from  other  parishes  was  similar 
to  that  in  the  capital  (Figure  19).  The  geographical  distribution  of 
cases  showed  widespread  disease  by  25  June.  By  13  August,  over  4200 
cases  had  been  reported  by  the  10  sentinel  stations  in  Kingston  and  over 
6600  from  the  other  12  parishes  (Figure  20).  Serological  confirmation 
of  dengue  infections  has  been  made  for  8 of  9 parishes  that  submitted 
paired  serum  samples  (Table  5).  It  is  generally  accepted  that  sentinel 
stations  reported  only  a small  fraction  of  the  cases  seen  in  each  parish. 


FIGURE  19.  Cases  of  Dengue-like  illness  and  PU0  reported  by  sentinel 
stations. 
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FIGURE  20.  Cases  of  dengue-like  illness  in  Jamaica  reported  by  sentinel 
stations  from  1 May  to  13  August  1977. 

TABLE  5.  Serological  tests  of  dengue-like  illness  submitted  by  sentinel 
reporting  stations.  1 May  to  23  July,  1977 


The  age-specific  incidence  rates  indicated  disease  occurred  in  all 
age  groups  (Table  6).  The  lowest  incidence  rate  was  found  in  people 
over  50  years  of  age,  suggesting  some  partial  immunity  in  that  age  group. 
The  incidence  rates  are  based  on  unconfirmed  case  reports  from  10  sentinel 
stations  which  probably  serve  less  than  10%  of  Metropolitan  Kingston 
and  are  generally  believed  to  greatly  underestimate  the  true  incidence 
disease. 


TABLE  6.  Age  specific  incidence  rates  for  dengue-like  illnesses  in 
Metropolitan  Kingston,  Jamaica  1 May  to  23  August  1977. 


Age 

Estimated 

Population 

No. 

Cases 

Incidence 

Rates 

0 

- 

4 

87,500 

390 

446 

5 

- 

9 

86 ,800 

332 

382 

10 

- 

19 

170,100 

344 

202 

20 

- 

29 

126,000 

394 

313 

30 

- 

39 

77,000 

176 

229 

40 

- 

49 

51 ,000 

100 

193 

50 

or 

more 

100,800 

93 

92 

All 

ages 

700,000 

1829 

261 

7.  Inapparent  dengue  infections  in  adults. 

The  inapparent:  apparent  infection  ratio  was  determined 
for  two  employee  populations  from  different  locations.  Information  was 
obtained  by  questionaire  interviews  and  serological  testing  of  paired 
serum  samples,  collected  at  four  week  intervals  between  20  July  and 
18  August. 

Company  A was  a large  bottling  company  located  on  the  western 
edge  of  Kingston.  It  had  1000  employees,  over  90%  of  whom  were  male. 

Of  349  employees  interviewed,  all  but  one  were  male.  The  median  age  was 
34  years  (range  16-37  years)  and  the  median  length  of  employment  was  7 
years  (range  1 week  to  49  years). 
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Company  B processed  citrus  fruit  and  was  located  in  south  central 
Jamaica.  It  had  a total  employment  of  650  people,  of  whom  164  (30  males, 
134  females)  were  sampled.  The  median  age  was  39  years  (range  17-71  years) 
and  the  median  length  of  employment  was  15  years  (range  6 months  - 50 
years) . 

Study  subjects  from  Company  A were  strictly  volunteers  who  were 
aware  that  they  were  being  studied  for  dengue  infections.  Subjects 
from  Company  B were  involuntarily  included  in  the  study  as  part  of  their 
routine  processing  for  food  handler's  permits. 

An  employee  was  considered  to  have  an  inapparent  dengue  infection 
if  he  did  not  report  having  "dengue"  by  name  in  1977  or  did  not  report 
having  fever  or  more  than  one  other  common  symptom  of  dengue  during  the 
preceding  30  days.  Fever  alone  or  two  or  more  of  the  following  complaints 
would  have  been  counted  as  symptomatic  illness:  headache,  back  pain, 
eye  pain,  muscle  pain  and  leg  pain. 

Dengue-like  illnesses  were  reported  by  119/349  (34%)  of  the  employees 
of  Company  A and  71/156  (43%)  of  Company  B,  but  all  were  not  confirmed 
by  hemagglutination  inhibition.  The  inapparent:  apparent  infection 
ratios  were  1:2  for  Company  A and  1:1  for  Company  B.  (Table  7)  The 
difference  between  the  ratios  reflects  the  bias  introduced  by  the  sampling 
methods.  The  estimated  frequency  of  serologically  confirmable  dengue 
infections  for  each  company  was  34%  (Company  A)  and  65%  (Company  B). 

These  estimates  support  the  impression  obtained  by  casual  inquiry  of 
residents  of  Kingston.  Virtually,  everyone  questioned  at  random  in 
Kingston  reported  at  least  one  case  of  dengue-like  illness  in  their 
family  (average  size  4 people)  during  the  summer  of  1977. 


TABLE  7.  Frequency  of 

inapparent  dengue  infections 

in  two 

companies* 

Antibody  Response 

Company  A 

Cbmpany  B 

Inap- 

parent 

Infec- 

tion 

Cl  ini  cal 
Disease 

Approx. 

Ratio 

Inap- 

parent 

Infec- 

tion 

Clini- 

cal 

Disease 

Approx 

Ratio 

"High  fixed  titer"** 

11 

24 

1:2 

29 

40 

3:4 

Four-fold  rise 

5 

8 

1 :8 

28 

17 

7:4 

Combined 

16 

32 

1 :2 

57 

57 

1 :1 

♦Results  are  based 

on  tests 

of  96  employees  of 

Company  A and  156 

employees  of  Company  B. 

**  HI  titer  of  >_  1:640  to  Den-1  or  -2. 
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Based  on  the  frequency  of  infections  found  in  Companies  A and  B, 
the  estimated  number  of  Jamaican  adults  of  employable  age  who  have  had 
dengue  in  1977  is  300,000  to  582,000.  (Table  8) 

TABLE  8.  Estimated  total  dengue  infections. 


Study  Companies: 

A 

B 

1.  Total  employees: 

(A) 

1000 

650 

2.  Est.  Total  1977  dengue-like  illnesses: 

employees  reportinq  illness  y a = 

all  employees  interviewed 

(B) 

341 

277 

3.  Est.  confirmed  dengue  illnesses: 

confirmed  cases  by  HI  y r 

all  employees  tested  "by  HI 

(C) 

223 

211 

4.  Est.  total  dengue  infections: 

C + inapparent  infections  y r 

apparent  infections 

5.  Est.  frequency  of  dengue  infections: 

(D) 

335 

422 

D X 100  = 

total  employees 

(E) 

34% 

65% 

Jamaica  Work  Force 

6.  Est.  total  work  force  (Oct.  1976)* 

(F) 

895500 

7.  Est.  dengue  infections: 

E x F 

304470 

582075 

* Source:  Daily  Gleaner,  20  August  1977. 
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Company  A had  an  outpatient  clinic  staffed  by  one  physician  and 
two  nurses.  The  clinic  was  open  for  four  hours,  five  days  a week. 

All  visitors  were  screened  upon  arrival  and  their  major  symptoms  or 
type  of  illness  was  recorded  in  a log  book.  In  order  to  determine  the 
tine  period  of  greatest  dengue  illness  in  the  company,  a review  was 
made  of  the  log  books  for  presenting  symptoms  of  fever,  pain  and  "dengue1.1 
As  a control  for  the  overall  activity  of  the  clinic,  visits  for  trauma 
and  minor  surgery  were  recorded  for  comparison. 

Dengue-like  illness  was  seen  in  the  Company  A clinic  from  9 May 
through  the  middle  of  August  (Figure  21).  Cases  peaked  from  13  June 
to  1 July  about  two  weeks  earlier  than  in  Metropolitan  Kingston. 


FIGURE  21.  Weekly  visits  by  employees  to  the  clinic  of  Company  A 
during  a dengue  epidemic,  1977. 
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8.  Discussion 

Owing  to  an  overall  high  susceptibility  to  the  newly 
introduced  dengue  type  1 virus,  the  disease  affected  all  age  groups; 
the  highest  incidence  rates  were  found  in  children  and  young  adults. 

The  relatively  low  rates  seen  in  people  over  50  years,  however,  is 
unexplained,  but  could  be  due  to  one  or  more  reasons,  including  the 
following  possibilities. 

a.  Less  severe  illness  in  older  people.  The  illness  in  older 
people  was  predominantly  one  of  pain  without  fever  and  many  cases  may 
not  have  been  recognized  as  dengue. 

b.  Pre-existing  immunity  to  dengue  type  1 caused  by  infections 
many  years  ago  in  the  Carribean  as  suggested  by  Rosen  (1968).  This 
hypothesis  must  assume  that  immunity  is  very  long-lasting. 

c.  Partial  immunity  conferred  by  multiple  previous  infections 
with  other  fl aviviruses , such  as  dengue  types  2 and  3 or  St.  Louis 
encephalitis  virus,  which  could  provide  broadly  reactive  serum  antibodies. 

Since  dengue  virus  type  1 has  not  been  identified  before  in  the 
Western  Hemisphere,  it  must  be  assumed  to  have  come  to  Jamaica  from 
Africa  or  Asia.  Several  years  ago,  importation  of  new  strains  of 
dengue  to  the  Carribean  was  predicted  (Ehrenkranz  et  al,  1971)  as  a 
byproduct  of  the  rapid  means  for  international  travel.  This  may  not  be 
the  first  time  dengue  type  1 has  been  in  Jamaica,  as  suggested  by  the 
incidence  rates  for  the  older  prople,  and  it  probably  will  not  be  the 
last.  However,  in  1977,  the  dengue  type  1 was  introduced  at  a time 
when  the  very  high  level  of  general  susceptibility  and  the  availability 
of  mosquito  vectors  were  ideal  for  rapid,  efficient  and  widespread  virus 
transmission. 

By  the  end  of  July,  over  20  cases  of  dengue  had  been  identified  in 
the  U.S.  and  others  in  Trinidad.  Dengue  1 virus  was  isolated  from  at 
lease  one  person  in  Louisiana.  All  cases  are  considered  to  be  imported 
from  Jamaica  and  secondary  transmission  has  not  yet  been  observed. 

Future  outbreaks  of  dengue  type  1 must  be  expected  in  Jamaica, 
but  since  so  many  people  are  now  immune,  it  is  unlikely  there  will  be 
another  epidemic  of  the  magnitude  reached  in  1977. 


F.  The  replication  of  California  Encephalitis  Virus  in  the  presence 
of  actinomycin-D,  cordycepin  and  cycloheximide. 

1 . Background 

BFS-283  is  the  prototype  strain  of  the  California  Encephalitis 
(CE)  virus  complex.  The  virus  contains  three  major  polypeptides  and  a 
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fourth  minor  peptide  (1975  Annual  Report).  Electron  microscopic 
studies  showed  that  the  initial  cellular  changes  in  infected  cells 
occurred  at  the  nuclear  membrane  level  15  min.  after  infection,  as 
evidenced  by  vacuole  formation  involving  the  outer  layer  of  the  nuclear 
membrane  (1976  Annual  Report).  Also,  fluorescent-antibody  studies  showed 
that  the  first  fluorescence  was  perinuclear,  then  spread  throughout  the 
cytoplasm  of  infected  cells.  These  observations  suggest  that  CE  virus 
may  have  a nuclear  phase  in  its  replicative  cycle  or  may  be  dependent  on 
a nuclear  product,  in  order  to  produce  mature  infectious  virions.  Also, 
we  have  shown  that  this  virus  is  extremely  sensitive  to  actinomycin-D 
in  BHK21  cells  at  low  concentration.  The  present  investigation  was  under- 
taken to  study  three  drugs  that  interupt  viral  protein  synthesis  at  the 
RNA  level.  Although  the  drugs  have  multiple  effects,  they  may  be  classi- 
fied by  the  principle  points  of  action:  actinorrycin-D  (RNA  synthesis), 
cordycepin  (RNA-processing) , and  cycloheximide  (RNA-translation) . 

A comparative  study  was  done  with  CE  and  Sindbis  viruses.  Sindbis 
virus  has  a similar  latent  period  to  CE  virus  when  infected  at  a similar 
MOI.  Also,  since  Sindbis  virus  is  known  to  be  completely  independent  of 
the  nucleus  or  nuclear  products,  it  seemed  to  be  the  logical  control  virus 
to  compare  with  CE  virus. 

| 

2.  Methods 

: 3 

The  following  materials  and  methods  were  used. 

a.  Cells . Baby  Hamster  Kidney  cells  (BHK21 ) were 
maintained  as  monolayer  cultures  in  32  oz  prescription  glass  bottles,  with 
reinforced  Eagle  minimal  essential  medium  (E-MEM)  containing  1%  (v/v) 
fetal  bovine  serum  (FBS).  Secondary  cultures  for  assay  and  inhibitory 
experiments  were  conducted  in  60  mm  falcon  plastic  petri  dishes. 

b.  Virus.  Lyophilized  BFS-283  CE  virus  was  obtained 
from  American  Type  Cul tu're  Collection  (Rockville,  MD)  in  the  24th  mouse 
passage.  Seed  virus  was  prepared  in  1-3  day-old  mice  as  previously 
described  (White,  1975). 

c.  Chemicals  and  Isotopes.  Mixtures  of  ^H-L-Amino  acids 
(3hAA)  containing  15  amino  acids  (Specific  activity  3.5  Ci/mmol),  and 

3H-uridine  (20  Ci/mnol)  were  purchased  from  New  England  Nuclear  Corp.,  j 

Boston,  MA.  Purified  acrylamide  and  bi sacryl amide  were  obtained  from 
Bio-Rad  Laboratories,  Richmond,  California.  Actinomycin-D  and  cordycepin, 
were  purchased  from  Sigma,  St.  Louis,  MO. 

d.  Infection.  Cells  were  infected  at  a multiplicity  of 
10-50  with  BFS-283  CE"  virus  or  Sindbis  virus  (AR  339)  suspended  in  MEM 
containing  10%  heat  inactivated  FBS. 

e.  Assay  of  Virus  Infectivity.  The  infectivity  titers 
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of  BFS-283  and  Sindbis  viruses  were  determined  by  plaque  assay  on  BHK21 
cell  monolayers 

f.  Pulse  Labeling  of  Cells.  BHK21/ 1 5 cell  monolayers 
were  washed  twice  with  Hanks  Balanced  Salt- Solution  (HBSS)  and  infected 
with  10-50  PFU  of  virus  per  cell.  Controls  were  cells  mock  infected 
with  MEM  containing  10%  FBS.  Incorporation  of  3HAA  and  3H-uridine  into 
acid  insoluble  products  was  determined  for  various  time  intervals  after 
infection  beginning  at  15  min.  post  infection.  After  a suitable  pulse 
with  3HAA  (20uCi/ml)  in  amino  acid  free  medium  or  3H-uridine  (20  uCi/ml), 
net  incorporation  was  determined  by  a method  used  by  Scholtissek  (1971) 
with  minor  modifications.  The  monolayers  were  washed  twice  with  cold 
PBS  to  remove  the  residual  radioactive  medium.  Further,  unincorporated 
counts  were  removed  by  several  washes  with  cold  6%  TCA  for  the  monolayers 
labeled  with  ^H-uridine,  and  10%  TCA  for  those  labeled  with  ^HAA.  The 
monolayers  were  then  fixed  by  washing  lx  with  ice  cold  ethanol  followed 
one  wash  with  ice  cold  methanol.  Their  integrity  was  ascertained  by 
microscopic  observation.  For  determination  of  the  incorporated  counts, 
the  monolayers  were  hydrolyzed  by  the  addition  of  1 ml  of  0.3  N NaOH  to 
the  petri  plates.  One  tenth  milliliter  of  this  hydrolsate  was  mixed 
with  12  ml  of  a toluene  based  scintillation  fluid  and  counted  in  a 
Packard  Scintillation  counter. 

In  cases  where  labeled  proteins  were  to  be  analyzed  by  SDS-PAGE, 
the  monolayers  were  extracted  with  1 ml  of  2%  SDS  after  first  washing 
them  with  col d PBS. 


3.  Results 

Comparison  of  infectious  virus  production  in  CE  and  Sindbis 
virus  infected  cells. 

When  growth  curves  were  performed  in  drug  treated  cells,  Sindbis 
virus  production  was  retarded  by  200  ug/ml  cordycepin  at  8 and  16  hours 
after  infection;  however,  by  24  hours  after  infection,  cells  treated  with 
100  and  200  ug/ml  produced  essentially  the  same  amount  of  virus  as  the 
untreated  control  cultures.  Further,  cells  treated  with  50  ug/ml  produced 
more  virus  than  untreated  cultures,  thus  showing  a stimulatory  effect  on 
virus  production.  (Figure  22)  In  contrast,  inhibition  of  infectious  CE 
virus  was  directly  proportional  to  the  drug  dose.  The  difference 
between  the  maximal  dose  (200  ug/ml)  and  untreated  control  cultures  being 
that  20,000  times  more  infectious  virus  particles  were  produced  in 
untreated  cells  (Figure  23). 
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G.  Inhibitory  effects  of  BFS-283  CE  virus  on  host-cell  RNA  and 
Protein  Synthesis. 

The  effects  on  protein  and  RNA  synthesis  in  BHI^i  cells  infected 
with  BFS-283  are  shown  in  Figure  24.  Cells  were  infected  at  an  multi- 
plicity of  infection  (MOI)  of  10-50  and  virus  was  adsorbed  to  cells  for 
30  min.  Removed  cells  washed  twice  in  warm  HBSS  and  replaced  with  MEM 
containing  2%  FBS.  Cultures  harvested  before  and  during  this  time 
(30  min)  were  washed  twice  with  HBSS  and  dissolved  in  1%  SDS. 


TIME  POST  INFECTION  (MIN) 


FIGURE  24.  Inhibitory  effect  of  California  encephalitis  virus  on 
BHK21  cell  RNA  and  protein  synthesis. 

Infection  caused  an  inhibition  of  41%  of  amino  acid  uptake  by  15 
minutes  after  infection.  Amino  acid  uptake  reached  a peak  at  30-120  min 
after  infection.  At  15  min  after  infection,  uridine  uptake  was  the  same 
in  infected  and  control  cultures;  however,  by  30  min  after  infection 
uridine  metabolism  was  inhibited  by  30%,  then  a rapid  rise  in  infected 
cells  occurred  by  60  min  after  infection  to  160%  of  the  controls, 
followed  by  a rapid  decline  by  four  hours  after  infection  to  approximately 
65%  of  the  controls. 


H.  Effects  of  Actinomycin-D  and  cordycepin  on  normal  BHK21  cell  RNA 
and  protein  synthesis. 

Experiments  were  designed  to  study  the  effects  of  actinomycin-D 
and  cordycepin  on  RNA  synthesis  in  non-infected  BHK21  cells.  The  results 
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of  these  experiments  are  shown  in  Figures  25  and  26.  These  results 
indicate  that  both  actinomycin-D  and  cordycepin  cause  immediate  inhibition 
of  RNA  synthesis  as  measured  by  the  inhibition  of  uridine  uptake  in  BHK21 
cells.  By  2 hours  after  treatment  with  actinomycin-D,  uridine  uptake  was 
inhibited  by  more  than  70%;  however,  at  very  low  concentration  (.002  ug/ 
ml)  the  inhibitory  effects  diminished  to  the  level  of  the  control  by 
7 hours.  Cordycepin  treated  cells  inhibited  uridine  uptake  to  approxi- 
mately the  same  extent  as  actinomycin-D  in  2 hours,  and  increased  to 
nearly  80%  by  8 hours. 


FIGURE  25.  Effect  of  actinornycin-D  on  RNA  synthesis  in  BHK-21  cells. 
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FIGURE  26.  Effect  of  cordycepin  on  RNA  synthesis  in  BHK-21  cells. 


Briefly  BHK21  cell  monolayers  were  infected  with  CEV  BFS-283  at  an 
MO I of  5-50.  Control  cultures  were  similarly  mock  infected.  Care  was 
taken  to  treat  the  two  groups  the  same  so  as  to  keep  manipulation  arti- 
facts to  a minimum.  At  the  time  of  infection  replicate  petri  plates 
from  both  the  control  and  infected  groups  were  given  the  drug  cordycepin 
at  a concentration  of  25  ug/ml . After  an  incubation  period  of  30  min  to 
allow  for  viral  attachment,  the  monolayers  were  washed  3 x with  HBSS  and 
then  refed  with  E-MEM  with  10%  FBS.  Replicate  plates  from  both  the  con- 
trol and  infected  groups  were  refed  with  media  supplemented  with  cordyce- 
pin (25  ug/ml).  All  cultures  were  then  pulsed  with  3n-uridine  (20  uCi/ml). 
at  15  min,  30  min,  1 hr  and  2 hr  post  labeling,  cultures  from  each  group, 
i.e.  (1)  uninfected,  cordycepin  treated;  (2)  infected,  cordycepin  treated 
(3)  infected,  untreated;  and  uninfected  and  untreated,  were  assayed  for 
incorporation  of  ^H-uridine  into  TCA  precipitable  products. 

An  almost  linear  curve  described  the  rate  of  uridine  uptake  in  the 
uninfected,  non-drug  treated  cultures  over  the  2 hr  labeling  period. 

It  has  been  our  experience  that  this  high  rate  of  uridine  incorporation 
is  not  maintained  indefinitely,  but  tends  to  decline  after  3.5  - 4.5  hr. 
This  uptake  probably  reflects  an  increased  metabolic  rate  in  the  cell 
due  to  re-feeding  and  certain  manipulative  stimuli. 
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In  the  cultures  that  were  infected  and/or  cordycepin  treated  the 
initial  rate  of  uridine  uptake  (over  the  first  15-30  min)  was  similar  to 
that  seen  in  the  control  cultures.  However  samplings  after  30  min  post- 
pulse reveal  that  the  rates  of  RNA  synthesis  decline  rapidly  in  the 
infected  and  cordycepin  treated  cultures  (Figure  27).  We  saw  a slight 
rebound  in  the  cultures  that  were  infected  but  not  drug  treated  at  1.5  - 
2 hr  post-pulse.  In  this  case  it  is  not  known  if  the  rise  in  RNA  synthe- 
sis would  have  continued,  since  2 hr  represented  the  maximum  labeling  per- 
iod in  this  experiment.  Other  investigators  have  shown  that  the  synthe- 
sis of  CEV  RNA  reaches  a maximum  at  4-6  hrs  post  infection.  In  the 
cordycepin  treated  cultures,  both  infected  and  uninfected,  RNA  synthesis 
has  diminished  to  10-15%  of  the  control  values  by  2 hours. 
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FIGURE  27.  Kinetics  of  RNA  synthesis  in  BHK-21  cells  infected  with 
California  encephalitis  virus  and  with  cordycepin. 
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I.  Viral  isolations  from  human  blood  specimens  collected  in  Brazil. 

The  specimens  of  whole  blood  processed  for  viral  isolation  were 
collected  in  Brazil  by  USAMRU-Belem  between  January  1974  and  December 
1976.  The  epidemiology  program  of  USAMRU-Belem  consisted  of: 

(1)  a prospective  surveillance  of  a randomly  selected  sample  of 
colonists  living  along  the  Transamazon  Highway  outside  the  towns  of 
Maraba  and  Altamira.  On  the  original  visit  to  each  colonist,  the  inves- 
tigators recorded  demographic  and  environmental  information  and  collected 
blood  for  serology.  Thereafter,  the  colonists  were  visited  fortnightly, 
and  for  each  episode  of  a febrile  illness,  the  symptomatology  was 
recorded  and  blood  was  drawn  for  virus  isolation.  Whether  or  not  the 
person  had  reported  an  illness,  blood  for  serology  was  obtained  every 
six  months. 

(2)  a hospital  surveillance  program  in  which  a sample  of  whole 
blood  for  viral  isolation  was  obtained  from  each  febrile  patient  admitted 
to  the  hospital  in  Maraba,  together  with  a record  of  his  symptoms. 

(3)  investigation  of  epidemics,  including  epidemics  of  disease 
caused  by  arbovirus. 

A detailed  description  of  the  epidemiology  program  of  USAMRU- 
Belem  may  be  found  in  the  WRAIR  Annual  Reports  for  FY  75  and  FY  76. 

A total  of  1635  specimens  were  shipped  to  WRAIR  from  the  following 
study  groups:  Altamira  Highway  (246),  MaraSa  (172),  Maraba^Hospital  (1011), 
and  epidemic  investigations  (206).  Each  specimen  was  inoculated  into 
two  tubes  containing  Vero  cells  to  determine  cytopathic  effect  (CPE) 
and  into  one  litter  of  3-5  day-old  suckling  mice  (average  litter  size  = 

10).  All  suspected  positives  were  passed  into  new  Vero  cells  and  mice 
and,  if  still  positive,  were  put  into  LLC-MK2  flasks  for  a plaque  titra- 
tion. Viruses  which  form  plaques  are  being  identified  by  a standard 
procedure  for  plaque  reduction  neutralization  test  (PRNT).  Details  of 
all  suspect  isolates  positive  on  the  second  passage  in  Vero  cells  or 
mice  are  presented  in  Table  9. 


TABLE  9.  Virus  isolates  recovered  from  human  blood  specimens  collected 
along  the  Transamazon  Highway. 


Suspect 

isolate  Origin* 


Vero 

Date  Cells 
Collected  CPE  Mice 


1032 

Maraba  Hospital 

Dec  74 

+ 

+ 

4327 

Maraba  Hospital 

May  75 

+ 

+ 

4129 

Itupiranga 

Jun  75 

+ 

+ 

41  86 

Itupiranga 

Jun  75 

+ 

+ 

10329 

Maraba  Hospital 

Feb  76 

+ 

2011 

Maraba  Hospital 

Mar  75 

+ 

+ 

9556 

Maraba  Hospital 

Jan  76 

■+ 

- 

10344 

Maraba  Hospital 

Feb  76 

+ 

- 

7530 

Maraba  Hospital 

Sep  75 

+ 

- 

11678 

Altamira  Highway 

Apr  76 

+ 

- 

8784 

Maraba  Hospital 

Dec  75 

- 

+ 

8759 

Maraba  Hospital 

Dec  75 

- 

+ 

4185 

Itupiranga 

Jun  75 

- 

+ 

8664 

Maraba  Hospital 

Nov  75 

- 

+ 

8740 

Maraba  Hospital 

Nov  75 

- 

+ 

4169 

Itupiranga 

Jun  75 

- 

+ 

Prel iminary 
LLC-MK2  Identifica- 
laque  tion2 


+ Guaroa 

+ Simbu  Group 

+ Simbu  Group 

+ Simbu  Group 

+ To  be  done 

+ Simbu  Group 

+ To  be  done 

+ To  be  done 


To  be  done 


To  be  done 
To  be  done 


1 Itupiranga  is  a small  village  near  Maraba  which  experienced  an  epidemic 
of  Oropouche  fever  in  May  and  June  1975 

2 Simbu  group  agents  were  identified  by  PRNT  using  antisera  against 
4327  and  are  probably  Oropouche, but  still  require  specific  confirma- 
tion. 
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II.  Respiratory  viruses 

A.  Adenovirus 

1.  Acute  Respiratory  Disease  (ARD)  due  to  adenovirus  and 
influenza  in  Basic  Combat  Trainees  (BCT). 

Fiscal  year  1977  was  characterized  by  perturbation  in 
influenza  and  an  unexpected  calm  in  adenovirus  ARD.  Several  remarkable 
events  (or  non-events)  occurred  with  influenza: 

(1)  Influenza  A swine  strains  were  not  identified  in  the  United 
States. 

(2)  The  occurrence  of  Guillan-Barre  syndrome  is  less  than  1 in 
100,000  persons  immunized  with  inactivated  influenza  A swine  vaccine 
prompted  a moratorium  on  influenza  immunization  in  the  military  from 
17  Dec  76  through  15  Feb  77.  After  mid-February  1977,  only  basic 
combat  trainees  received  influenza  immunizations  until  1 May  1977  at 
one-half  the  standard  dose  of  vaccine  (which  previously  was  400  CCA 
units  of  influenza  A/New  Jersey/76  and  A/Victoria/75  antigens  and  500 
CCA  units  of  B/Hong  Kong/72). 

(3)  Influenza  B caused  illness  at  most  BCT  posts  in  January  and 
February  and  was  associated  with  peak  ARD  rates  greater  than  2.5/100 
at  Forts  Bliss,  Dix,  Jackson,  Knox  and  Wood. 

(4)  A later  wave  of  influenza  A/Victoria/1975  occurred  in  February 
and  March  at  several  posts  and  was  associated  with  rates  above  2.5/100/ 
week  at  Fort  Dix.  After  influenza  immunization  of  trainees  was  stopped 
on  1 May  1977,  strains  of  influenza  A/Victoria  was  isolated  sporadically 
through  June  at  several  posts,  but  did  not  result  in  elevated  ARD  rates. 

Isolates  of  adenovirus  Type  4 and  7 were  uncommon  in  BCTs  in  FY  1977. 
Except  for  a small  outbreak  of  adenovirus  Type  7 ARD  at  Ft.  Knox  in 
October  (immunization  with  adenovirus  Type  4 and  7 vaccines  was  delayed 
inadvertently  until  the  week  ending  23  October  at  this  post),  ARD  caused 
by  these  types  was  insignificant.  Both  the  Type  4 vaccine  lots  (Lot  07101 
titering  4.9  loglO  TCID50  per  tablet  used  until  March  and  Lot  07401 
titering  5.1  loolO  TCID50  per  tablet  used  thereafter)  and  the  Type  7 
vaccine  lots  (Lot  07201  titering  6.2  loglO  TCID50  per  tablet  used  until 
March  and  Lot  07501  titering  6.1  loglO  TCID50  used  thereafter)  effec- 
tively suppressed  adenovirus  type  4 and  7 ARD. 

Adenovirus  Type  21  was  prevalent  at  all  seven  training  posts  through- 
out the  year,  but  was  not  associated  with  sustained  ARD  rates  above  2.0/ 
100/week  in  the  absence  of  influenza.  The  proportion  of  trainees  hospi- 
talized with  ARD  who  yielded  isolates  of  adenovirus  Type  21  from  the  naso- 


pharynx during  the  winter  season  rarely  exceeded  35%,  a proportion  much 
less  than  the  40-60%  previously  encountered  in  outbreaks  of  Type  4 and 


and  Type  7 ARD.  Rates  of  adenovirus  Type  21  ARD  observed  were  lower  than 
anticipated.  Indeed,  Type  21  ARD  disease  rates  observed  were  so  minimal 
that  it  is  questionable  whether  routine  immunization  of  trainees  with  the 
live  adenovirus  Type  21  vaccine  is  required  at  present. 

The  following  is  a summary  of  respiratory  disease  patterns  at  the 
seven  Army  BCT  posts  under  surveillance: 

, 

a.  Fort  Bliss.  Trainees  were  immunized  with  Type  4 and  7 vaccines 
from  October  through  April.  Only  eleven  strains  of  Type  4 (and  no  strains 
of  Type  7)  were  isolated  from  the  414  (2.7%)  ARD  hospitalizations  sampled 
during  these  months.  A peak  ARD  rate  of  1.3/100/week  in  February  was 
associated  with  influenza  B.  Although  adenovirus  Type  21  was  isolated 
from  trainees  throughout  the  15  month  fiscal  year,  ARD  rates  were  other- 
wise below  1.0/100/week. 

b.  Fort  Dix.  Type  4 and  7 vaccines  were  used  from  1 September 
1976  until  1 MayH977;  during  this  period  25  isolates  of  Type  4 and  5 
isolates  of  Type  7 were  made  from  1,412  trainees  sampled  (2.1%),  and 

231  strains  of  adenovirus  Type  21  (16.4%)  were  made.  The  ARD  rate  peaked 
at  3.25  in  February  associated  with  seroconversions  to  influenza  B in 
56%  and  influenza  A in  17%  of  the  149  hospitalizations  sampled.  Rates 
were  below  2.0/100/week  otherwise. 

c.  Fort  Gordon.  Adenovirus  vaccines  were  used  from  1 October  1976 
until  1 May  1977;  Type  4 adenovirus  was  isolated  from  but  1 of  165 
hospitalized  trainees  sampled  (0.6%)  while  Type  21  was  isolated  from  21 
trainees  (12.7%)  during  these  months.  Median  weekly  ARD  rates  never 
exceeded  1.5/ 100/week  in  the  15  months  of  survey. 

d.  Fort  Jackson.  Adenovirus  Type  4 and  7 vaccines  were  used  from 
1 October  1976  until  1 May  1977.  No  isolates  of  Type  4 or  Type  7 were 
obtained  during  these  months,  while  Type  21  was  isolated  from  37  of  the 
303  hospitalized  trainees  sampled  (12.2%).  Median  weekly  ARD  rates  in 
the  months  of  February  and  March  1977  were  2.7  and  2.1  in  association 
with  influenza  A and  B;  rates  in  the  other  13  months  of  this  reporting 
period  were  consistently  below  1.5/100/week. 

e.  Fort  Knox.  Adenovirus  Type  4 and  7 vaccines  were  used  from 
23  October  1976  until  1 May  1977.  The  late  introduction  of  adenovirus 

vaccine  was  in  part  responsible  for  an  October  1976  outbreak  of  adeno-  , 

virus  Type  7 ARD  which  is  shown  in  greater  detail  in  Table  10.  During 
this  outbreak,  the  proportion  of  hospitalized  trainees  with  isolates  of 
adenovirus  Type  21  remained  relatively  constant  (between  9-32%).  Begin- 
ning the  week  ending  9 October,  adenovirus  Type  7 was  isolated  and  the 
proportion  of  trainees  with  this  type  increased  from  2%  to  53%  the  week 
ending  23  October  (after  which  immunization  with  Types  4 and  7 vaccine 
was  begun).  The  increase  in  Type  7 activity  paralleled  an  increase  in 
ARD  rates  which  peaked  at  3.3/100/week  during  the  week  ending  6 November; 
thereafter  both  the  ARD  rate  and  proportion  of  Type  7 isolates  declined. 


This  experience  reemphasizes  that  adenovirus  Type  7 can  yet  cause  epidemics 
of  ARD  in  unimmunized  trainees  and  emphasizes  the  relative  inability  of 
adenovirus  Type  21  to  produce  epidemic  disease  in  the  same  environment. 


TABLE  10.  Acute  respiratory  disease  due  to  adenovirus  at  Fort  Knox,  1976. 


Week 

ARD  rate/1 00/week 

No. 

Sampled 

% with 

ADV-7 

isolate  of 

ADV  -21 

Oct  2 

0.6 

24 

0 

25% 

9 

0.8 

47 

2% 

30% 

16 

1.4 

28 

11% 

18% 

23* 

2.2 

19 

53% 

32% 

30 

2.6 

42 

40% 

21% 

Nov  6 

3.3 

65 

35% 

25% 

13 

1.4 

44 

23% 

14% 

20 

0.8 

11 

9% 

9% 

27 

1.3 

43 

14% 

19% 

Dec  4 

1.3 

26 

4% 

27% 

11 

2.0 

16 

0 

25% 

18 

0.6 

45 

0 % 

31% 

* Week  ADV-4  and  ADV-7  vaccines  begun 


After  November,  adenovirus  Type  7 was  isolated  from  only  one  of 
805  hospitalized  (0.1%)  trainees  sampled  until  immunization  was  termina- 
ted; during  the  same  period  adenovirus  Type  21  was  isolated  from  149 
(17.3%).  Median  weekly  ARD  rates  were  3.1  and  2.9  in  February  and 
March  1977  associated  with  influenza  A and  B,  but  were  below  1.5/100/week 
in  other  months. 

f.  Fort  Sill.  Adenovirus  Types  4 and  7 vaccines  were  used  from 

1 October  to  1 May.  One  strain  of  adenovirus  Type  7 was  isolated  from 
the  59  trainees  sampled  in  this  period,  while  adenovirus  Type  21  was 
isolated  from  5 (8%).  The  ARD  rate  remained  less  than  1.0/ 100/ week 
throughout  the  15  months  of  fiscal  year  1977. 

g.  Fort  Wood.  Adenovirus  Type  4 and  7 vaccines  were  used  through 
the  15  month  period  from  July  1976  through  September  1977.  From  October 
to  May,  one  strain  of  Type  4 virus  was  isolated  from  719  hospitalized 
trainees  sampled,  while  Type  21  virus  was  isolated  from  77  (10.8%). 

High  ARD  rates  were  experienced  between  December  1976  through  March 
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h.  Fort  Wood.  Adenovirus  Type  4 and  7 vaccines  were  used  through 
the  15  month  period  from  July  1976  through  September  1977.  From  October 
to  May,  one  strain  of  Type  4 virus  was  isolated  from  719  hospitalized 
trainees  sampled,  while  Type  21  virus  was  isolated  from  77  (10.8%).  High 
ARD  rates  were  experienced  between  December  1976  through  March  1977  when 
median  weekly  rates  were  3.4,  2.3,  4.0,  and  2.9,  respectively.  The 
elevated  rates  were  associated  with  influenza  B from  January  through 
March  when  7 of  32  (31%),  33  of  66  (50%),  and  21  of  79  (27%)  of  hospi- 
talized trainees,  respectively,  had  serologic  evidence  of  influenza  B 
infection.  Although  adenovirus  Type  21  persisted  on  post  from  October 
1976  through  August  1977,  ARD  rates  after  March  were  below  2.0/100/week. 


2.  Adenovirus  Type  21  vaccine 

Two  field  trials  of  the  adenovirus  Type  21  live  virus  oral 
vaccine  were  carried  out  in  collaboration  with  the  Division  of  Preven- 
tive Medicine  and  are  described  in  detail  elsewhere  in  this  report. 

a.  Lackland  AFB.  In  August  1976,  a study  of  vaccine 
immunogenicity  ancT  safety  was  initiated  in  476  Air  Force  volunteers  at 
Lackland  AFB,  Texas.  The  study  compared  four  groups  who  received  combina- 
tions of  adenovirus  Type  4 (ADV-4),  Type  7 (ADV-7),  Type  21  (ADV-21)  and/ 
or  placebo  (P)  vaccines.  The  four  groups  were  ADV-4/ 7/21;  ADV -4/7/P ; 
ADV-21/P/P  and  P/P/P.  Vaccine  recipients  were  followed  21  days  and 
evaluated  for  clinical  illness  and  type  specific  neutralizing  antibody 
responses. 

The  occurrence  of  illness  was  similar  in  all  study  groups.  Neutra- 
lization tests  which  were  performed  in  primary  human  embryonic  kidney 
(HEK)  cells  by  a standard  technique  (1970  Annual  Report),  showed  no 
decrease  in  the  immunogenicity  of  the  ADV-4  vaccine  when  all  three 
vaccines  were  administered  together  (Table  11).  A decrease  was  observed, 
however,  in  the  proportions  of  volunteers  who  seroconverted  to  ADV-7  and 
ADV-21  when  they  also  received  the  ADV-4  vaccine. 

b.  Fort  Dix,  NJ.  In  November  1976,  the  first  trial  of 
ADV-21  vaccine  efficacy  was  "attempted  at  Ft.  Dix,  NJ.  Although  ARD  rates 
were  less  than  2/100/week  at  the  beginning  of  the  study,  all  three  types 
of  adenoviruses  were  present  at  Ft.  Dix,  and  an  increase  in  disease  rates 
was  anticipated. 
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TABLE  11.  Type  specific  neutralizin 


Data  provided  by  MAJ  E.  T.  Takefuji,  et  al , Division  of  Preventive  Medicine 
Adenovirus  vaccines  are  indicated  by  number,  placebo  by  p. 

Percent  of  number  having  an  initial  titer  of  <1:2. 

NT  - Sera  were  not  tested  because  of  the  limited  availability  of  human  embryonic  kidney 
cell  cultures. 


Two  groups  of  300  volunteers  each  were  studied;  one  group  received 
ADV  4/7/21  vaccines  and  the  other  received  ADV  4/7/P.  Each  group 
received  the  vaccines  within  72  hours  of  arrival  at  Ft.  Dix  and  was 
followed  throughout  the  total  period  of  basic  training.  Vaccine  safety, 
immuno gen i city  and  efficacy  were  estimated  by  monitoring  dispensary  visits 
by  study  volunteers  and  admissions  to  the  hospital.  Virus  isolation  was 
attempted  from  throat  swabs  obtained  from  the  volunteers  admitted  to  the 
hospital  with  ARD.  Paired  sera  were  collected  from  all  volunteers  at  the 
time  of  vaccination  (day  0)  and  three  weeks  later  (day  21).  Additional 
blood  samples  were  collected  from  volunteers  admitted  to  the  hospital 
with  ARD. 

Virus  isolation  was  performed  in  primary  HEK  cells  by  standard  pro- 
cedures (1970  Annual  Report).  Type  specific  neutralizing  antibody  was 
measured  in  the  same  cells. 

Three  events  prevented  the  study  from  successfully  achieving  its 
objectives.  First,  ARD  rates  did  not  increase  as  expected,  so  a valid 
test  of  vaccine  efficacy  was  impossible.  Second,  the  commercial  sources 
of  primary  HEK  cells  could  not  supply  sufficient  usable  cell  cultures  to 
test  the  serum  pairs  for  an  evaluation  of  the  vaccine  i mmu nogen i city . 
Third,  recipients  of  ADV-4/7/21  had  higher  rates  of  hospitalization  for 
ARD  during  the  first  21  days  after  vaccination  than  recipients  of  ADV- 
4/7/ P . (Figure  28)  The  difference  of  hospitalization  rates  could  not 
be  explained  by  the  types  of  viruses  recovered  from  throat  swabs  since 
no  virus  isolate  was  obtained  from  most  of  the  persons  admitted  to  the 
hospital  during  the  first  21  days.  Additional  field  trials  will  be 
needed  before  the  efficacy  and  safety  of  combined  live  adenovirus  vacci 
nation  can  be  ascertained. 


3.  A search  for  an  alternative  cell  culture  method  for 
adenovirus  neutralization  tests. 

Human  adenoviruses  replicate  best  in  human  cell  cultures. 
Until  1976,  the  DVD  has  relied  on  primary  human  embryonic  kidney  (HEK) 
cells  from  commercial  suppliers  as  the  most  sensitive  cells  for  neutra- 
lization tests  in  adenovirus  vaccine  studies.  A sudden  discontinuation 
of  large  scale  marketing  of  primary  HEK  occurred  in  1976  as  the  result 
of  new  federal  regulations  on  use  of  human  materials.  As  a result,  the 
DVD  developed  a critical  need  for  an  alternative  method  of  detecting 
type  specific  adenovirus  antibody. 

a.  Alternative  cell  cultures.  Vaccine  strains  of  adeno- 
virus types  4,  7 and  21  were  tested  in  primary  human  amnion  cells  and 
nine  continuous  human  cell  lines.  Virus  titers  observed  were  compared 
to  those  obtained  earlier  in  primary  HEK  (Table  12).  Of  the  alternative 
cell  lines,  primary  human  amnion  and  MRC-5  cells  propagated  all  three 
strains  of  adenovirus.  None  of  the  cells,  however,  produced  as  much 
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virus  or  as  distinctive  a cytopathic  effect  as  were  found  with  primary 
HEK  cells. 
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Studies  are  now  underway  to  evaluate  a continuous  line  of  trans- 
formed human  embryonic  kidney  cells  (293-31)  kindly  supplied  by  Dr.  Maurice 
Green  (St.  Louis  University,  St.  Louis,  MO). 
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FIGURE  28.  ARD  admissions  for  ADV  4/7/21  and  4/7/P  study  groups  by 
time  after  vaccination.  Data  provided  by  MAJ  D.  Johnson 
et  al , Division  of  Preventive  Medicine. 


TABLE  12.  Replication  of  adenovirus  vaccine  strains  in  primary  and 
continuous  human  cell  cultures. 


Cell  Culture 


Primary  cell  cultures 
HEK 

Human  amnion 


Passage 

Level 


ADV-4 


ienovirus  Titer 
ADV-7 


ADV-21 


MRC  5 

29 

103 

104 

NCTC  2544 

266 

103 

103 

LI  32 

CPE 

unclear 

Girardi  heart 

58 

CPE 

unclear 

Chang  conjunction 

38 

No 

CPE 

Chang  liver 

No 

CPE 

KB 

No 

CPE 

WISH 

181 

No 

CPE 

Minnesota  EE 

No 

CPE 

104 

No  CPE* 


* cytopathic  effect 


B.  Influenza  surveillance 


In  January  1977  a routine  surveillance  program  for  influenza  on 
BCT  posts  was  initiated  in  collaboration  with  LTC  Creed  Smith,  Ft.  Baker, 
CA.  The  Department  of  Virus  Diseases,  WRAIR^ processed  specimens  submit- 
ted by  Forts  Dix,  Jackson  and  Knox. 

Each  post  was  requested  to  submit  throat  swabs  and  paired  sera 
from  10  ARD  patients  per  week  for  influenza  screening.  The  DVD  provided 
containers  of  Hanks  balanced  salt  solution  with  0.5%  BSA  0.4%  for  collect- 
ing throat  swabs  to  the  Health  and  Environmental  Activities  Office  on 
each  post.  Sera  were  received  as  pairs  often  weeks  after  the  throat 
swab  from  the  same  individual. 

Virus  isolations  were  done  by  inoculation  of  3-day-old  embryonated 
eggs  and  harvesting  the  amniotic  fluid  3 days  later.  Virus  in  the 
amnionic  fluid  was  detected  and  identified  by  hemagglutination.  Antibody 
was  detected  by  a hemagglutination  inhibition  test  using  reference  anti- 
gens to  A/Victoria/3/75,  A/NJ/8/76  and  B/HK/5/72. 
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Between  the  weeks  of  28  February  to  25  July  77,  236  throat  washes 
and  216  serum  pairs  were  screened.  Seventeen  (17)  virus  isolates  were 
recovered,  and  four  (4)  were  substantiated  by  serological  testing 
(Table  13). 


TABLE  13.  Influenza  virus  isolates  from  three  BCT  posts  - 1977. 


Week  of 
collection 

Virus 

Isolate 

HI 

A/NJ 

antibody* 

A/Victoria 

B/HK 

Ft. 

Dix 

18  April 

A/Victoria 

10/40 

10/80 

20/80 

A/Victoria 

20/20 

40/40 

40/20 

Ft. 

Jackson 

28  March 

A/Victoria 

<10/10 

<10/20 

<10/10 

II 

40/40 

<10/40 

10/20 

II 

<10/10 

10/20 

10/20 

II 

NOT  DONE 

18  April 

II 

NOT  DONE 

B/HK 

<10/10 

20/40 

10/40 

Unknown 

A/Victoria 

NOT  DONE 

II 

NOT  DONE 

II 

NOT  DONE 

Ft. 

Knox 

28  March 

A/Victoria 

<10/<10 

10/20 

10/20 

II 

<10/10 

20/40 

40/40 

II 

<10/20 

<10/10 

<10/10 

II 

20/40 

10/10 

20/40 

II 

40/20 

40/20 

40/40 

II 

NOT  DONE 

* Reciprocal  serum  antibody  titers:  acute/convalescent 


a.  Ft.  Dix.  Out  of  96  throat  washes  received,  only  two 
virus  isolates  were  recovered  for  a yield  of  2%.  Both  were  collected 
during  the  week  of  18  April  and  were  identified  as  A/Victoria.  Specimens 
from  Ft.  Dix  were  routinely  sent  to  Ft.  Meade  before  reaching  the  WRAIR. 

b.  Ft.  Jackson.  From  76  specimens  submitted,  9 isolates 
(12%)  were  recovered;  8 were  A/Victoria  and  one  was  B/HK.  Six  isolates 
were  obtained  from  throat  swabs  collected  prior  to  25  April;  the  other 
three  were  not  dated. 
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c.  Ft.  Knox.  Sixty  four  (64)  specimens  were  received  and 
6 (9%)  isolates  of  A/Victoria  were  recovered.  All  six  strains  came 
from  throat  swabs  collected  before  4 April. 

It  must  be  concluded  that  the  surveillance  system  had  several 
deficiencies  during  the  first  season  of  operation.  Ft.  Dix  provided 
the  most  throat  swabs  but  had  the  lowest  virus  yield;  a result  perhaps 
of  the  indirect  route  of  shipping  to  WRAIR.  Ft.  Jackson  provided  good 
throat  specimens  but  missed  many  pairs  of  sera.  Nevertheless  it  can  be 
concluded  that  influenza  A strains  similar  to  A/Victoria/75  were  present 
on  all  three  posts  between  28  March  and  25  April  1977. 


III.  Miscellaneous  Viruses 

A.  Influence  of  cytomegalovirus  infections  on  the  clinical  outcome 
of  renal  allografts. 

Serologic  evidence  suggests  that  cytomegalovirus  (CMV)  can  be 
transmitted  to  renal  transplant  patients  within  the  renal  allograft 
(Ho,  1975).  Since  the  presence  of  complement  fixing  (CF)  antibody  may 
indicate  chronic  CMV  infections,  some  transplant  centers  are  cautious 
about  transplanting  kidneys  from  donors  with  detectable  CMV  complement 
fixing  (CF)  antibodies  into  recipients  without  antibody.  However,  little 
information  exists  as  to  the  actual  impact  CMV  infection  has  on  the  two 
most  important  measures  of  success  of  renal  transplantation;  kidney 
survival  and  patient  survival  (Hanshaw,  1977). 

A five  year  retrospective  review  was  done  of  patients  who  received 
their  first  renal  allograft  between  1 May  1972,  and  30  April  1977.  Of 
100  transplants,  80  were  performed  on  patients  who  received  their  first 
transplant.  Fifteen  patients  were  excluded;  three  patients  died  before 
a three  month  followup  was  completed;and  insufficient  data  was  available 
from  12  additional  patients.  The  total  number  of  patients  that  were 
analyzed  was  65.  CMV  CF  data  were  extracted  from  the  serologic  record. 

In  order  to  make  the  analysis  as  complete  as  possible,  additional  CF 
tests  were  done  on  serum  samples  of  some  patients.  All  specimens  for 
a given  patient  were  not  run  simultaneously.  Serological  evidence  of 
CMV  infection  was  defined  as  a sustained  four-fold  rise  in  titer  in 
serum  specimens  collected  before  transplant  and  3 to  12  months  after 
transplant.  The  serological  response  of  each  patient  was  determined 
before  any  information  regarding  the  clinical  outcome  was  known. 

An  average  of  approximately  two  pre-transplant  and  five  to  six 
post-transplant  CMV  antibody  titers  were  available  on  the  65  patients 
analyzed.  Clinical  outcomes  fell  into  three  categories;  (1)  dead,  (2) 
alive,  resumed  dialysis,  (3)  alive,  dialysis  not  required.  To  demonstrate 
the  validity  of  an  analysis  using  these  endpoints,  the  outcomes  of 
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recipients  of  kidneys  from  living  related  donors  (LRD)  were  compared  to 
recipients  of  cadaver  donors  (CAD).  (See  Table  14).  tables  15  and  16  summ- 
arize the  data  with  regard  to  the  serological  response  to  CMV  CF  antigens 
as  a correlate  of  clinical  outcome. 


TABLE  14.  Effect  of  allograft  source  on  outcome  of  renal  transplantation: 
proportion  of  patients  dead,  on  dialysis,  or  alive  and  well. 


Clinical 

Outcome 

Time  after  transplant 

lyr 

2yr 

3yr 

LRD* 

(46)*** 

CAD** 

(30) 

LRD 

(39)  . 

CAD 

(25) 

LRD 

(26) 

CAD 

(22) 

Dead 

.05 

.17 

.15 

.20 

.27 

.20 

★★★★ 

★★★★ 

★ ★★★ 

Alive  on 

1 

i 

1 

1 

1 

1 

dialysis 

.18 

.50 

.16 

.48 

.07 

.53 

★ ★★★ 

★ ★★★ 

Alive  and 

! 

1 

1 

1 

well 

.77 

.33 

.69 

.32 

.65 

.27 

TOTAL 

1.00 

1.00 

1 .00 

1 .00 

0.99 

1.00 

* LRD  - Living  related  donor  of  allograft 

**  CAD  - Cadaver  donor  of  allograft 

***  Number  of  patients  followed  for  at  least  as  long  as  the  indicated 
"time  after  transplant" 


****  P<.05  by  Chi  square  with  Yate's  correction 


TABLE  1 5 . Effect  of  recipient  seroresponse*  to  CMV  on  outcome  of  renal 
transplantation. 


T i me 

after  transplant 

Cl  ini  cal 

lyr 

2yr 

3yr 

Outcome 

CMV-  CMV+ 

(19)**  (45) 

CMV-  CMV+ 

(16)  (39) 

CMV- 

(13) 

CMV+ 

(26) 

Dead 

.00  .07 

.00  .18 

Coo- 

.31  * 

Alive  on 
dialysis 

.37  .26 

.31  .31 

.31 

.27 

A1  i ve  and 
well 

.63  .67 

.69  .51 

.69 

.42 

TOTAL 

1.00  1.00 

1.00  1.00 

1 .00 

1.00 

Four-fold  rise  in  CF  antibody  following  transplantation. 

**  Number  of  patients  with  follow-up  period  equal 
"time  after  transplant"  indicated. 

to  or  longer  than 

***  P = .05  Chi 

Square 

TABLE  16-  Mortality  of  renal  transplant  patients  as 
seroresponse. 

a function  of 

CMV 

Four-fold  rise 
in  CF  antibodv 

Number 

Patients 

Total  patient 
months  of 
follow-up 

Total 

Deaths 

Absent 

19 

760 

0 

Present 

46 

1435 

12 

P < .05  by  Chi 

square  with  Yates 

correction. 

465 
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These  retrospective  data  show  that  a serologic  response  to  CMV, 
as  measured  by  CF  antibodies,  is  associated  with  increased  mortality. 

The  association  of  a CMV  CF  seroresponse  with  outcome  is  independent  of 
the  source  of  the  allograft;  the  mortality  for  LRD  CMV-  patients  was  0/13; 
compared  to  7/27  for  LRD  CMV+  patients. 

Although  patient  death?  were  not  directly  attributed  to  cytomegalo- 
virus infections,  CMV  may  be  an  important  factor  affecting  the  long  term 
survival  of  renal  transplant  patients. 

B.  Measles  - Neutralizing  antibody  assays  and  growth  of  vaccine 
virus  in  human  blood  cells. 

In  order  to  provide  technical  support  to  the  Division  of  Medicine 
in  a study  of  the  effects  of  live  measles  vaccine  immunization  of 
recruits  who  had  previously  been  immunized  with  an  inactivated  measles 
vaccine,  work  was  initiated  in  two  areas: 

(1)  An  assay  for  measles  neutralizing  antibody  in  a microtiter 
system  was  developed  (Rosenbaum,  1963)  using  a substrate  of  Vero  cells 
and  Schwarz  strain  measles  vaccine  virus  as  the  challenge  virus.  With 
this  assay,  serum  neutralizing  antibody  titers  of  laboratory  personnel 
who  are  known  to  have  had  clinical  measles  in  childhood  range  from 
1:80  to  1:640.  This  assay  appears  to  be  suitable  for  the  screening  of 
large  numbers  of  serum  specimens. 

(2)  Growth  of  the  Schwarz  vaccine  strain  of  measles  virus  was 
obtained  from  in-vitro  cell  cultures  of  pooled  peripheral  blood  mononuclear 
cells  (PBMC)  recovered  from  heparinized  blood  of  normal,  measles  immune 
adults  (Sullivan,  1975).  With  10^  PBMC/ml  and  an  MOI  of  0.01,  live  virus 
could  only  occasionally  be  detected  beyond  two  hours  after  innoculation  in 
unstimulated  cells,  whereas  PBMC  which  were  pre-incubated  for  three  days 

in  phytohemaggl utinin-M  (PHA-M)  produced  virus  yields  of  10?  to  103  TCID50/ 
ml.  A minimum  concentration  of  PHA-M  of  30ug/ml  was  required  to  obtain  virus 
yields  greater  than  the  unstimulated  control  levels.  Preliminary  attempts 
to  show  "immune  enhancement"  of  measles  vaccine  virus  growth  on  PBMC  (not 
split  into  lymphocytes  and  macrophage  fractions)  by  addition  of  non-neu- 
tralizing concentrations  of  antibody  were  unsuccessful. 


C.  Prevalence  of  poliovirus  neutralizing  antibody  in  BCT  trainees. 

In  an  effort  to  develop  data  regarding  the  future  requirements 
for  polio  immunization  of  basic  combat  trainees,  a study  was  undertaken 
of  the  prevalence  of  antibodies  to  polioviruses  types  I,  II  and  III. 
Single  serum  specimens,  which  were  drawn  from  randomly  selected  trainees 
included  the  following:  126  sera  from  Ft.  Jackson  (22-24  March  76), 
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113  sera  from  Ft.  Wood  (22-24  March  76)  and  47  sera  from  Ft.  Dix 
(Feb  1976).  Heat  inactivated  serum  specimens  were  assayed  by  a micro- 
titer procedure  using  Vero  cells  in  medium  199  with  10%  FBS.  Each 
serum  was  tested  at  dilutions  of  1:2,  1:4,  and  1:8  made  by  use  of  micro- 
titer diluting  loops  (Rosenbaum,  1963).  Virus  inocula  contained  100-300 
TCID50  per  well  of  wild  polio  types  I,  II,  or  III.  End  points  were  read 
on  day  3,  and  were  defined  by  the  degree  of  detectable  cytopathic  effect. 
Serum  specimens  with  an  antibody  titer  of  less  than  1:4  were  interpreted 
as  negative.  Table  17  summarizes  the  results. 


TABLE  17.  Recruits  lacking  polio  neutralizing  antibody. 


Basic 

Training 

Post 

Trainees 

Tested 

Trai nees 

Type 

I 

without 

Type 

II 

poliovirus  Antibody 

Type  A1 1 Any 

III  3 Type 

Fort  Jackson 

126 

9 

9 

11 

1 

22 

Fort  Di  x 

47 

3 

5 

5 

1 

10 

Fort  Wood 

113 

12 

9 

16 

1 

25 

Total  (percent)  286(100) 

24(8.4) 

23(8.0)  32(11) 

3(1.0) 

57(20) 

The  absence  of  neutralizing  antibody  in  trainees  is  not  necessarily 
equivalent  to  a determination  of  the  level  of  susceptibility  to  natural 
infection;  however,  the  results  of  this  study  suggest  that  up  to  20% 
of  trainees  may  be  susceptible  to  at  least  one  type  of  poliovirus,  and 
1.0%  may  be  susceptible  to  all  three. 


D.  Effect  of  Coxsackie  B4  Virus  infection  on  guinea  pig  embryos. 


1.  Background 

The  objective  of  this  project  was  to  determine  the  effect  of 
Coxsackie  B4  virus  infection  on  the  developing  guinea  pig  embryo,  parti- 
cularly the  cardiovascular  system.  There  is  some  suggestive  statistical 
epidemiologic  evidence  that  infection  of  pregnant  humans  leads  to  con- 
genital heart  disease  in  the  child,  presumably  through  in-utero  infection. 
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An  animal  model  system  was  investigated  to  see  if  congenital  cardio- 
vascular malformations  could  be  experimentally  produced  by  embryonic 
infection  with  cardiotropic  human  Coxsackie  B4  virus. 


2.  Study  animals. 

In  order  to  obtain  guinea  pig  embryos  at  various  accurately 
timed  gestational  ages,  guinea  pigs  were  bred  under  observation.  Male 
and  female  guinea  pigs  were  caged  together  beginning  in  the  late  after- 
noon. The  next  morning,  they  were  separated  and  vaginal  smears  were 
taken.  The  presence  of  sperm  indicated  that  conception  had  occurred 
and  the  pregnancy  was  considered  to  have  begun  the  night  before. 


3.  Coxsackie  B4  seed  virus. 

Coxsackie  B4  virus  was  obtained  from  Dr.  Abner  Notkins  (NIH). 
This  virus  was  originally  isolated  from  the  myocardium  of  a fatal  case 
of  human  myocarditis.  A working  virus  seed  was  prepared  in  Hep-2  cell 
culture.  Five  days  after  infection,  when  CPE  was  marked,  aliquots  of 
culture  medium  and  cells  were  harvested  and  frozen.  This  working  virus 
seed  had  a titer  of  42  x 105 * 7  pfu/ml . 


4.  Detection  of  virus. 

A plaque  assay  using  a human  cell  line,  Hep-2  cells,  which  has 
been  described  for  Coxsackie  B viruses,  was  compared  to  a similar  assay 
in  LLC-MK2  cells.  LLC-MK2  cells  gave  slightly  higher  titers  and, 
because  of  their  availability,  were  easier  to  use  in  the  laboratory. 
LLC-MK2  cells  were  used  for  all  subsequent  assays. 


5.  Infection  of  embryos. 

The  first  step  in  determining  the  suitability  of  the  guinea 
pig— Coxsackie  virus  model  was  to  establish  if  the  virus  will  replicate 

in  guinea  pig  embryos.  Adult  guinea  pigs  are  known  to  not  be  susceptible 
to  this  virus.  Guinea  pigs  which  had  been  pregnant  for  20  days,  the  time 
of  cardiac  development,  were  anesthetized  with  Penthrane  and  a laparotomy 
was  performed  under  sterile  surgical  conditions.  The  embryos  were 
injected  through  the  uterine  wall  with  1000  plaque  forming  units  of 
Coxsackie  B4  virus  and  the  maternal  abdomen  was  closed.  In  different 
animals,  the  embryos  were  collected  on  days  1,  3,  5 and  7 following 
injection  of  the  virus.  The  titer  of  virus  present  in  the  embryos  was 
determined  by  plaque  assay. 
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Virus  was  not  recovered  from  any  of  11  embryos  tested  from  four 
different  pregnant  guinea  pig  embryos.  These  results  are  interpreted 
to  mean  that  guinea  pig  embryos,  like  adult  guinea  pigs,  are  not 
susceptible  to  infection  with  Coxsackie  B4  virus.  Therefore,  the  guinea 
pig  embryo  will  not  serve  as  a model  of  congenital  malformations  induced 
by  Coxsackie  B4  virus. 
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23.  (U)  The  objective  is  development,  production,  and  assay  of  live-attenuated  vaccines 
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24.  (U)  Selected  strains  are  subjected  to  multiple  passages  and  frequent  cloning  in 
tissue  culture  systems,  to  produce  pure  progeny  characterized  by  reduced  virulence  and 
adequate  antigenicity,  that  will  serve  as  candidate  vaccine  seed  virus. 

25.  (U)  76  10-77  09  1.  A dengue-2  virus  production  seed  has  been  prepared  in  FRhL 

cells  under  optimal  conditions  for  the  maintenance  of  attenuation  and  temperature 
sensitivity  (i.e.  low  multiplicity  input  and  growth  at  31C) . Upon  satisfactory  com- 
pletion of  tests  for  adventitious  agents  and  attenuation  markers  the  final  product  was 
freeze-dried.  This  production  seed  will  be  used  for  the  preparation  of  subsequent  lots 
of  live-attenuated  dengue-2  vaccine.  The  first  production  lot  of  dengue-2  vaccine  has 
been  tested  for  safety  and  efficacy  in  lower  primates  and  a draft  of  "Notice  of  Claimed 
Investigational  Exemption  for  a New  Drug"  (IND)  has  been  prepared  in  conformance  with 
the  requirements  for  implementation  of  human  trials.  2.  A human  isolate  of  dengue-3 
virus  has  been  passaged  and  cloned  in  FRhL  cells.  One  clone,  labeled  C-5,  was  shown  to 
be  temperature  sensitive  in  cell  culture  and  exhibited  characteristics  of  attenuation 
when  inoculated  into  mice  and  monkeys.  Following  vaccination  with  the  C-5  clone,  mon- 
keys were  solidly  protected  against  a viremia  when  challenged  with  a virulent  dengue-3 
virus.  The  C-5  clone  is  being  further  purified  as  a working  seed  stock  for  the  prep- 
aration of  a live-attenuated  dengue-3  vaccine.  For  technical  report  see  Walter  Reed 
Army  Institute  of  Research  Annual  Progress  Report,  1 Jul  76  - 30  Sep  77. 
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Investigators. 

Principal:  Venton  R.  Harrison,  M. S. 

Associates:  Kenneth  H.  Eckels,  Ph.D.;  Peter  L.  Summers 
I . Dengue-2  Vaccine  Progress. 

A.  Passage  of  DEN-2,  S-l  vaccine  seed  (FRhL-3)  at  31°C.  A series  of 
passages  of  the  S-l  seed  virus  was  initiated  at  31^C  with  the  purpose 
being  to  select  for  "cold"  variants,  i.e.,  virus  that  would  have  a lower 
non-permissive  temperature  of  growth  after  adaptation  or  selection  at  a 
lower  temperature.  In  the  past,  passing  S-l  virus  at  35°C  in  FRhL  cells 
was  difficult  because  of  reversion  of  small  to  large  plaque  virus. 
Reversion  could  be  controlled  to  a degree  by  keeping  the  multiplicity  of 
infection  (MOI)  low.  However,  with  a low  MOI,  a poor  yield  of  virus 
usually  resulted  and  reversion  was  also  seen  on  occasion.  After  several 
passages  at  31°C,  the  growth  and  reversion  frequency  of  S-l  virus  was 
clearly  different  from  past  experiences  with  this  virus  at  35°C. 

Infectious  virus  yields  were  comparable  to  those  at  35°C  and  reversion 
was  not  detectable  when  a relatively  low  MOI  was  used  in  conjunction 
with  the  low  (31°C)  temperature.  Titers  of  small  plaque  S-l  virus  after 
two  passage"  at  31°C  in  FRhL  cells  are  listed  in  Table  1.  There  was  no 
evidence  of  reversion  (large  plaques  at  35°C  or  39.3°C  when  assayed  in 
LLC-MK^  cells)  in  any  of  the  harvests. 


Table  1.  Passage  of  DEN-2,  S-l  vaccine  seed  (FRhL-3  at  31°C  in 
FRhL  cells. 


Input 

Virus  yield. 

day  post  inoc 

(PFU/0.2  ml) 

Passage 

virus 

3 

4 

7 

10 

17 

1 

Und 

1.4  X 

CNJ 

o 

3.9  X 104 

- 

- 

2 

Und 

- 

1.6  X 104 

1.9  X 104 

8.5  X 105  3.9 

x io5 

IQ"2 

- 

1.2  X 103 

3.5  X 104 

1.9  X 105  7.3 

X 105 

'73 


B . Preparation  of  a DEN-2,  S-l  vaccine  seed  (FRhL-4)  at  31°C. 

Roller  flasks  of  FRhL  cells  were  inoculated  with  DEN-2,  S-l  vaccine  seed 
(FRhL-3)  and  incubated  at  31°C.  After  a media  change  on  day  4,  virus 
was  harvested  on  days  6 and  10  and  fluids  from  individual  flasks  were 
assayed  for  small  and  large  plaque  virus.  Virus  titers  were  low  from 
day  4 harvests  (-  2.0  X 10^  PFU/0.2  ml),  however  day  10  harvests  had 
acceptable  titers  (range:  7.2  X 10^*  to  2.9  X 10  PFU/0.2  ml).  No  large 

plaque  virus  was  found  in  the  day  10  harvests  and  only  leaky,  small 
plaque  virus  was  detectable  in  plaque  assays  done  at  39.3°C.  A virus 
pool  was  made  from  the  day  10  harvests  and  freeze-dried  by  the  Department 
of  Biologies  Research.  Pre-centrifuged  fluids  from  the  pool  were  tested 
for  bacterial  and  mycoplasma  as  well  as  viral  adventitious  agents  and 
were  found  to  be  free  of  these  agents.  Final  container  tests  (after 
freeze-drying)  including  sterility  and  animal  tests  were  negative. 
Hemadsorption  tests  done  on  the  control  flask  21  days  after  inoculation, 
showed  no  evidence  of  adventitious  hemadsorbing  agents.  The  titer  of  the 
seed  virus  (pool  of  20  rehydrated  vials)  was  1.0  X 10^  PFU/0.2  ml  at  35°C 
with  no  plaques  being  found  when  assayed  at  39.3°C. 

C.  Growth  characteristics  of  S-l  virus  at  31°C.  Table  2 lists  the 
results  of  a growth  curve  of  S-l  seed  virus  (FRhL-4)  at  29°C,  31°C,  33°C, 
35°C,  37°C,  and  39°C.  FRhL  cell  cultures  were  inoculated  with  an  MOI  of 
approximately  10“^.  Temperatures  of  31°C  or  33°C  appeared  to  be  optimal 
for  growth  and  maintenance  of  the  small  plaque  population  in  harvests 
taken  over  a period  of  7 days.  This  was  in  contrast  to  lower  titer 
harvests  at  35°C  and  37°C  where  large  plaque  virus  was  found  6 and  7 days 
after  inoculation.  This  is  clear  evidence  of  reversion  which  is  dependent 
on  temperature.  One  possible  explanation  for  reversion  at  the  low  non- 
permissive  temperature  is  a temperature-sensitive  defect  in  the  viral 
replicase  which  would  increase  the  chance  for  mistakes  to  be  made  during 
transcription  of  viral  messenger.  Events  of  a similar  nature  have  been 
found  for  QB  phage  (1),  a ts  mutant  of  respiratory  syncytial  virus  (2), 
and  vesicular  stomatitis  virus  (3). 

In  another  experiment,  the  effect  of  temperature  as  well  as  MOI  on 
S-l  virus  reversion  was  looked  at  to  ascertain  whether  a low  non-permissive 
temperature  combined  with  a relatively  high  MOI  would  result  in  a higher 
incidence  of  revertant  virus.  As  seen  in  Table  3,  the  only  revertant  virus 
was  found  in  virus  harvests  resulting  from  growth  at  37°C  and  an  input 
MOI  of  0.08.  Large  plaques  were  visible  in  titrations  of  the  harvests 
from  days  7,  8,  9,  and  10,  and  plaqued  at  35°C  and  39.3°C.  No  revertant 
virus  was  found  in  flasks  maintained  at  31°C  where  titers  reached  over 
10  PFU/0.2  ml.  Virus  titers  were  greatly  reduced  in  flasks  held  at  38.5°C 

with  the  probability  of  detecting  large  plaque  virus  in  these  samples 
greatly  minimized.  Future  experiments  will  be  done  using  a larger  number 
of  culture  flasks  to  increase  the  chance  of  finding  revertant  virus. 


Table 


Harvests  containing  large  plaque,  revertant  virus. 


On  day  10  post  inoculation,  the  flasks  that  had  been  held  at  39.3°C 
were  shifted  down  to  31°C  to  see  whether  infectious  virus  could  still  be 
released  from  these  cells.  As  listed  in  Table  4,  released  virus  reaching 
a titer  of  approximately  10^  PFU/0.2  ml  was  detected  2 days  post  shift 
down  to  31°C.  Only  the  flask  that  received  an  input  MOI  of  0.0008  failed 
to  respond  to  the  shift  down.  From  this  experiment  it  appears  that  virus, 
in  some  stage  of  replication,  can  persist  in  cultures  incubated  at  39.3°C. 
The  temperature  effect  is  reversible  and  does  not  result  in  permanent 
impairment  of  a functional  protein. 

Table  4.  S-l  virus  yields  from  infected  cells  held  at  39.3°C  for  10 
days,  then  shifted  down  to  31°C  for  3 days. 


Day,  PFU/0.2  ml  (after  shift  to  31°C) 
12  3 


7.9  X 10' 


8.3  X 10' 


1.5  X 10 


6.3  X 10 


1.4  X 10 


1.9  X 10 


0.008 


8.8  X 10 


4.1  X 10' 


4.1  X 10 


0.0008 


D.  Response  of  monkeys  to  DEN-2,  S-l  vaccine.  Lot  1.  To  evaluate 
the  efficacy  of  the  DEN-2  vaccine,  Lot  1,  5 Rhesus  monkeys  were  inoculated 
with  the  vaccine,  each  receiving  0.5  ml  subcutaneously.  Following 
inoculation,  each  monkey  was  bled  on  10  consecutive  days,  followed  by 
bleedings  on  days  15,  30,  and  45.  From  Table  5,  virus  was  recovered  from 
only  one  monkey  on  one  day  following  inoculation  with  the  vaccine. 

All  5 monkeys  stimulated  CF,  HI,  and  neutralizing  antibodies  following 
inoculation  with  neut  titers  ranging  from  10  to  220  for  the  monkeys. 

After  a period  of  7 months,  all  5 monkeys  were  bled  again  then  challenged 
with  DEN-2,  gM-6  parent  virus  or  DEN-2,  Asian  strain  //21868.  The  Asian 
strain  of  DEN-2  was  included  as  a challenge  virus  to  see  if  the  S-l 
vaccine,  which  is  a Puerto  Rican  isolate  would  stimulate  protection 
against  a heterologous  strain  of  DEN-2.  Of  the  2 monkeys  that  received 
the  Asian  virus,  one  had  a viremia  that  lasted  3 days;  one  out  of  3 
monkeys  that  received  the  homologous  challenge  virus  also  had  a viremia 
lasting  3 days.  Monkeys  that  had  low  or  undetectable  levels  of  antibody 
responded  to  the  challenge  with  rapidly  escalating  antibody  titers. 

Monkey  853  which  had  the  highest  pre-challenge  antibody  titers,  had  only 
a 3-fold  rise  in  neut  antibody.  Previously  challenged  monkeys  inoculated 
with  the  S-l  subline  passed  in  PGMK  cells  were  100  percent  protected 
against  homologus  parent  virus  and  showed  little  or  no  rise  in  antibody 
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Table  6.  Response  of  DEN-2  vaccinated  monkeys  after  challenge. 


following  challenge  (4).  In  these  same  studies,  antibody  titers 
were  significantly  higher  following  primary  inoculation.  In  the 
section  to  follow,  the  question  of  immunogenic  alteration  of  the 
S-l  virus  after  passage  in  FRhL  cells  will  be  discussed. 

E.  Comparison  of  S-l  virus  after  PGMK  passage  and  FRhL  passage. 
Experience  with  the  DEN-2,  S-l  vaccine  in  monkeys  prompted  an  evaluation 
of  the  temperature  sensitive  characteristics  of  the  vaccine  virus 
in  cell  culture  and  in  suckling  mice.  The  vaccine  which  is  the  result 
of  4 passages  of  the  S-l  subline  in  FRhL  cells  was  compared  to  S-l, 
pl9a  virus  which  was  passed  exclusively  in  PGMK  cell  cultures.  Table  7 
lists  the  efficiency  of  plating  (EOP)  values  of  the  Lot  1 vaccine  and 
S-l,  p-19a  viruses  using  PFU  titers  from  assays  done  at  35°C  and  38.5°C. 
Also  listed  are  the  suckling  mouse  IC  LD^q/PFU  ratios  which  indicate 
the  degree  of  attenuation  of  these  viruses.  A higher  EOP  or  SMIC  LD^q/PFU 
value  would  indicate  less  temperature  sensitivity  for  the  virus  and 
most  likely  less  attenuation  in  vivo.  There  is  less  than  2 two-fold 
difference  in  these  ratios  for  the  FRhL-passed  virus  as  compared  to 
the  PGMK  (S-l,  p-19a)  passed  virus  and  the  higher  value  is  found  for 
the  FRhL-passed  virus.  This  does  not  correlate  with  the  results  of 
monkey  inoculation  with  the  vaccine  where  it  appears  to  be  more 
attenuated.  Further  evaluation  of  the  temperature  sensitivity  of  the 
vaccine  virus  will  be  done  in  the  future  to  account  for  the  monkey 
inoculation  experiments. 


Table  7.  In  vitro  and  iri  vivo  characteristics  of  DEN-2  virus  passed 
in  PGMK  cells  and  in  FRhL  cells. 


PFU/0.2  ml  EOP 

Virus 35"C  38.5°C  SMIC  LDgp/PFU 

S-l,  FRhL-4  - 

(Vaccine  Lot  1)  1.5  X 105  3.2  X 10J  0.021  0.002 


S-l,  p-19a 


1.4  X 106  1.6  X 104 


0.011 


0.0012 


II.  Dengue- 3 Vaccine  Progress. 

A.  Passage  and  cloning  of  DEN-3,  CH53489  virus  in  FRhL  cells. 
Previous  passage  of  the  DEN-3  human  serum  Isolate  CH53489  in  PGMK  cells 
resulted  in  a parent  virus  pool  at  the  fourth  passage  level  in  these 
cells.  In  order  to  adapt  the  virus  to  FRhL  cells,  a substrate  (considered 
acceptable)  for  human  vaccine  preparation,  passages  of  the  PGMK  parent 
virus  were  made  in  these  cells  at  regular  intervals  of  10  to  12  days. 

The  results  of  6 passages  of  this  virus  are  listed  in  Table  8.  Temperature 
sensitivity  decreased  with  passage  ir  the  FRhL  cells,  starting  with  an 
approximate  20-fold  difference  in  plaque  titers  at  35°C  and  39.5°C(pass  1) 
to  an  approximate  5-fold  difference  after  6 passes.  This  was  the  reverse 
of  what  occurred  previously  upon  passage  of  a similar  virus  in  FRhL  cells 
(Annual  Report,  1975),  in  which  the  same  human  isolate,  passed  4 times  in 
PGMK,  then  6 times  in  FRhL  cells  showed  a definite  increase  in  temperature 
sensitivity  upon  passage. 

Table  8.  Passage  of  DEN-3,  CH53489,  PGMK-4  virus  in  FRhL  cells. 


Day  of 

PFU/0.2 

ml 

Plaque  morphology 
at  35°C 

Passage 

harvest 

35" 

"c 

39. 

,5”C 

1 

11 

7.2 

X 

io3 

3.2 

X 

102 

Mixture  of  large 
and  small  plaques 

2 

12 

3.2 

X 

103 

2.3 

X 

io2 

If 

3 

10 

2.0 

X 

10  3 

8.0 

X 

io1 

tt 

4 

10 

1.6 

X 

103 

3.8 

X 

10  2 

If 

5 

10 

2.3 

X 

io4 

4.0 

X 

3 

10 

If 

6 

10 

3.6 

X 

104 

6.8 

X 

10  3 

tf 

The  FRhL  passage  6 virus  (also  labelled  parent)  was  used  in  cloning 
experiments  to  attempt  selection  of  naturally-occurring  temperature  sensitive 
or  attenuated  variants.  The  FRhL-6  virus  contained  mixed  populations  of 
large,  medium,  and  small  plaques  which  appeared  to  be  separable  by  cloning. 
After  several  unsuccessful  attempts  to  plaque  the  FRhL-6  virus  under  agarose 
overlays,  an  alternate  method  proved  to  be  feasible,  that  consisted  of 
terminally  diluting  the  FRhL-6  virus  so  that  a small  number  of  wells  of 
a 24  well  cell  culture  plate  could  be  infected.  With  inputs  of  11  PFU/well 
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and  6 PFU/well,  7 and  2 wells  were  respectively  infected  in  2 cell 
culture  plates  with  24  well  capacities.  The  results  of  this  cloning 
experiment  are  found  in  Table  9.  Host  of  the  harvescs  from  individual 
wells  contained  mixtures  of  large  and  small  or  medium  and  small  plaques. 
However,  clones  labelled  C-5  and  D-2  appeared  to  contain  pure  small 
plaque  virus  and  clone  B-5  contained  mostly  large  plaque  virus.  The 
clones  containing  large  plaque  virus  had  temperature  sensitivities 
resembling  the  parent  virus  while  the  C-5  clone  had  a reduction  in  plaque 
titer  of  > 2.0  logs  at  39.5°C. 

Table  9.  Clones  of  DEN-3  derived  by  terminal  dilution  of  parent,  FRhL-6. 


Clone 

PFU/ml 

Plaque  morphology 

3yx 

39 , 

i5* 

'c 

A- 3 

2.9 

X 

io4 

8.0 

X 

10  3 

Large  & small 

B-3 

2.7 

X 

io4 

1.5 

X 

io3 

Medium  & small 

B-5 

1.8 

X 

104 

6.0 

X 

io3 

Large  & small 

Plate  1 

C-4 

3.1 

X 

io4 

4.2 

X 

io3 

Large  & small 

(11  PFU/well) 

3 

1 

C-5 

7.0 

X 

10  J 

< 5 

X 

10 

Small,  faint 

D-l 

2.9 

X 

io4 

2.0 

X 

io2 

Medium  & small 

D-2 

2.0 

X 

10  3 

3.0 

X 

io2 

Small,  distinct 

Plate  2 

C-2a 

3.2 

X 

io4 

1.6 

X 

4 

10 

Large  & small 

(6  PFU/well) 

4 

3 

C-4a 

3.7 

X 

10 

9.5 

X 

10 

Large  & small 

parent 

2.2 

X 

104 

6.5 

X 

io3 

Large  & small 

(FRhL/6) 

Seed  pools  of  each  clone  were  made  after  passing  one  more  time  in 
FRhL  cells  and  were  used  for  cloning  at  the  passage  9 level.  Prior  tc 
cloning  at  the  passage  9 level,  all  inocula  were  passed  through  a 0.2  M 
Nalgene  filter  to  remove  viral  aggregates  and  lessen  the  probability  of 
inoculating  more  than  one  virus  particle  per  well.  Steps  in  the  cloning 
procedure  are  found  in  Table  10  for  4 of  the  original  9 clones  first 
Isolated  at  the  passage  7 level.  These  were  selected  as  representative 
of  the  plaque  size  variants  found  after  the  first  cloning  passage.  For 
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Table  10.  Procedure  for  Isolating  DEN- 


B-3,  D-l,  and  B-5,  terminal  dilution  plating  techniques  were  successfully 
employed  in  isolating  homogeneous  populations  of  either  small,  medium, 
or  large  plaque  viruses.  The  C-5  clone,  passage  11,  was  low  in  titer 
and  after  several  attempts  to  optimize  virus  yields,  this  line  for  C-5 
was  abandoned  and  another  started  after  passage  of  the  pass  8 virus  two 
more  times  in  DRhL  cells.  After  these  two  passages,  the  C-5  clone 
appeared  to  be  better  adapted  to  growth  in  FRhL  cells  and  another  cycle 
of  3 clonings  was  initiated  and  will  be  reported  on  in  the  future. 

An  additional  line  of  passages  was  initiated  with  the  DEN-3  human 
serum  isolate  which  resulted  in  11  passages  in  FRhL  cells  exclusively. 

This  study  was  done  by  D.R.  Dubois,  Department  of  Biologies  Research, 
and  reported  on  in  detail  in  another  Annual  Report.  The  virus  at  the 
eleventh  passage  level,  labelled  FRhL-ll/WD,  contained  small  plaque 
virus  and  appeared  to  be  temperature  sensitive  in  plaque  assays  (Table  10) . 
The  FRhL-ll/WD  virus  was  further  characterized  without  purification  along 
with  the  four  DEN-3  clones. 

B.  Growth  characteristics  of  DEN-3  clones  in  FRhL  cells.  Growth 
curves  were  initiated  with  clones  B-3,  B-5,  C-5,  D-l,  FRhL-ll/WD,  and  the 
parent  (FRhL-6)  viruses  at  temperatures  of  33°C,  37°C,  38.5°C,  39.3°C, 
and  40.0°C.  The  plaque  titers  for  samples  taken  daily  for  10  days  are 
listed  in  Table  11.  All  clones  maintained  their  original  plaque  morphology 
in  culture  samples  taken  over  the  10  day  period.  The  DEN-3  parent  virus 
grew  at  all  temperatures  tested,  with  the  greatest  reduction  of  virus 
titers  occurring  in  flasks  incubated  at  39.3°C  and  40.0°C.  Growth  of  the 
B-5  clone  most  closely  resembled  the  parent  virus,  although  no  growth 
of  B-5  was  observed  at  40.0°C.  The  C-5  clone  replicated  only  at  33°C 
and  37°C  while  the  other  viruses  were  intermediate  in  their  ability  to 
replicate  at  the  higher  temperatures.  Table  12  summarizes  the  differences 
in  plaque  titers  between  the  permissive  temperature  up  33°C  and  the 
higher  temperatures  of  growth  for  day  8 of  the  growth  curve. 

Table  12.  Differences  xn  virus  yields  for  DEN-3  clones  grown  at 

permissive  (33°C)  and  higher  temperatures  (37°C,  38.5°C, 

39 . 3°C , 40°C) 


Virus  titer  at 

Log,„  difference  in  titer,  day  8 

FRhL-6 

fi-3 

B-5 

C-5 

D-l 

FRhL-ll/WD 

33°C-37°C 

0.32 

1.12 

0.41 

1.39 

1.00 

-0.41 

-38.5°C 

1.07 

2.68 

1.63 

>3.54 

2.48 

1.83 

-39. 3°C 

1.69 

2.28 

2.70 

>3.54 

3.53 

>3.11 

-40.Q°C 

2.55 

>4.60 

>3.81 

>3.54 

>4.38 

>3.13 

' v : 


<10  <10  <10  <10  <10  4.0X101  1.5X10*  1.3X10*  2.6X10  1.0X10' 


C.  Replication  of  the  DEN-3  clones  in  suckling  mice.  The  DEN- 3 
clones  along  with  FRhL-6  (parent)  and  FRhL-ll/WD  viruses  were  inoculated 
intracerebrally  into  groups  of  suckling  mice  (2-3  days  old).  Two  mice 
were  removed  each  day  following  inoculation  for  recovery  of  infectious 
virus  and  complement-fixing  (CF)  antigen.  Brains  of  mice  were  removed 
and  homogenized  in  EMEM  diluent  to  give  20%  suspensions.  Following 
clarification,  the  supernatant  fluids  were  assayed  for  virus  and  CF 
antigen.  Figure  1 shows  the  PFU  and  CF  antigen  titers  for  the  mouse 
brain  homogenates  taken  from  mice  up  to  18  days  post- inoculation. 
Surprisingly,  CF  antigen  was  found  in  all  of  the  inoculated  mice  one  day 
after  inoculation.  The  antigen  then  appeared  to  have  a cyclic  appearance 
which  in  some  cases  coincided  with  the  appearance  of  infectious  virus. 

In  the  case  of  the  C-5  clone,  infectious  virus,  at  very  low  levels, 
was  found  only  on  2 days  while  CF  antigen  was  easily  recovered,  especially 
after  11  days  post-inoculation.  Signs  of  CNS  disease  and  some  deaths 
occurred  in  mice  inoculated  with  the  B-3  and  B-5  clones  as  well  as  the 
FRhL-6  and  FRhL-ll/WD  viruses.  These  observations  were  made  14  days  or 
more  after  inoculation  of  virus.  Virulence  in  suckling  mice  serves  as 
a marker  to  differentiate  the  C-5  clone  virus  from  the  FRhL-6  parent 
virus.  The  nature  of  the  early  CF  antigen  will  also  be  studied  for 
comparison  to  the  dengue  soluble  CF  antigens. 


D.  Selected  DEN-3  viruses  in  rhesus  monkeys.  Three  DEN- 3 virus 
seeds  that  were  relatively  temperature  resistant  and  had  mixed  plaque 
populations  were  inoculated,  along  with  the  C-5  clone  (homogeneous  small 
plaque,  temperature  sensitive  virus),  into  rhesus  monkeys.  Serum  samples 
were  assayed  for  virus  on  a daily  basis  for  10  days;  serum  taken  at 
intervals  of  15,  30,  and  45  days  was  tested  for  CF  and  HI  antibodies. 

Nine  of  ten  monkeys  that  received  the  temperature  resistant  virus 
developed  viremias  lasting  at  least  2 days  (Table  13) . Both  monkeys  that 
were  inoculated  with  the  C-5  clone  were  free  of  viremia  but  still  responded 
with  significant  levels  of  CF  and  HI  antibodies.  After  holding  the  C-5 
inoculated  monkeys  for  8 months,  they  were  challenged  with  the  DEN-3, 

FRhL-6  virus.  No  viremia  was  detected  for  10  days  following  challenge 
(Table  14) . Serum  CF  and  HI  antibody  levels  did  not  change  over  the  8 
month  holding  period  while  antibody  titers  in  both  monkeys  increased 
following  challenge.  Three  other  DEN-3  clones  and  the  FRhL-ll/WD  virus 
were  also  tested  in  rhesus  monkeys  for  virulence.  These  viruses,  except 
for  B-5,  showed  some  degree  of  temperature  sensitivity  in  cell  cultures. 

In  monkeys,  however,  all  of  these  viruses  produced  viremias  lasting  1 to 
4 days  (Table  15).  Clone  B-3  appeared  to  be  the  most  attenuated  in  this 
limited  study  with  1 of  2 monkeys  developing  a viremia  that  lasted  2 
days.  All  clones  and  the  FRhL-ll/WD  virus  stimulated  approximately  the 
same  levels  of  CF  and  HI  antibodies  45  days  following  inoculation. 
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Figure  1.  Infectious  virus  and  CF  antigen  recovered 
from  suckling  mouse  brains  after 
Inoculation  with  DEN-3  clones. 
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Table  14.  Challenge  of  rhesus  monkeys  8 months  after  primary  Inoculation  with  DEN-2,  C-5  clone. 


Table  15. 

Inoculation  of 
DEN-3  virus. 

rhesus  mjnkeys  with  selected  clones  of 

Virus 

No.  monkeys 
viremic/ total 

Average  no. 
days  viremia 

Geometric  mean 
antibody  titers  - day  45 

1/CF  1/HI 

FRhL-ll/WD 

2/2 

3.5 

91 

320 

| 

B-3 

1/2 

1.0 

64 

320 

D-l 

2/2 

3.0 

64 

227 

B-5 

2/2 

4.0 

64 

320 

The  rhesus  monkey  appears  to  be  very  sensitive  to  infection  with 
DEN- 3 virus.  Only  the  C-5  clone  which  is  highly  temperature  sensitive 
(cut-off  temperature  of  38.5°C)  did  not  produce  a viremia.  However, 
with  antibody  levels  remaining  constant  over  a period  of  8 months,  a 
limited  infection  with  the  C-5  clone  must  have  been  established  which 
may  have  persisted  for  the  observed  period. 
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sheraical  relationship  between  core  structure  in  the  LPS  of  the  J-5  mutant  of  E.  coli 
1111  and  the  LPS  from  other  enterobacteriaceae  in  P.  aeruginosa,  N.  meningitidis,  and  N. 
Jonorrhoeae  was  demonstrated.  A factor  elaborated  by  stimulated  lymphocytes  which 
enhances  bactericidal  activity  of  PtOJ's  was  found.  Patients  dying  with  pseudomonas 
bacteremia  have  low  antitoxin  levels  to  pseudomonas  exotoxin.  Patients  do  not  respond 
to  gram  negative  sepsis  with  antibody  rises  to  core  LPS-determinants . Antibody  to  core 
nPS  determinants  are  not  opsonic.  Quantitative  cultures  of  access  sites  are  helpful  in 
iif ferentiating  between  access  site  infection  and  sterile  phlebitis.  For  technical 
report  see  Walter  Reed  Army  Institute  of  Research  Annual  Progress  Report,  1 Jul  76  - 

30  Sep  77. 
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1.  Purification  procedures  were  developed  for  isolation  of  high 
molecular  weight  lipopolysaccharide-free  polysaccharides  from 
Pseudomonas  aeruginosa.  These  were  found  to  contain  an  alkali-labile 
determinant  against  which  active  and  passive  immunization  was 
directed . 

2.  Ninety  percent  of  clinical  isolates  of  Pseudomonas  aeruginosa 
(PA)  were  found  to  produce  toxin  A.  Solid  phase  binding  antibody 
and  neutralizing  antibody  against  toxin  A was  found  following 
colonization  or  non-fatal  infection  with  PA  but  was  absent  in  fatal 
septicemia.  The  toxin  is  capable  of  inhibiting  macrophage  and  lympho- 
cyte function. 

3.  A new  pseudomonas  toxin  (toxin  S)  was  discovered.  It  inhibits 
protein  synthesis  by  ADP-ribosylation  of  elongation  factor  1. 

4.  The  immunochemical  relationship  between  core  structures  in  the 
LPS  of  the  J-5  mutant  of  15.  coli  0111  and  LPS  from  other  entero- 
bacteriaceae  ]?.  aeruginosa  and  N.  meningitidis  was  determined. 

5.  Bacteremic  patients  respond  to  the  LPS  of  the  infecting  organism, 
often  with  antibody  levels  exceeding  50  pg/ml. 

6.  Lymphocytes,  upon  stimulation  by  PHA,  produce  a factor  released 
into  the  supernatant  fluid  that  is  able  to  favorably  influence  bacterial 
kill  by  polymorphonuclear  leukocytes. 

7.  While  all  three  immunoglobulin  classes  were  capable  of  inducing 
antibody-dependent  mononuclear  cell-mediated  antibacterial  activity 
against  meningococci,  IgA  (although  it  did  not  fix  C')  was  most 
effective  with  cells  while  IgM  (although  far  more  efficient  than 
IgG  in  cooperation  with  C')  was  least  efficient. 

8.  Monocytes  and  Null  (k)  lymphocytes  (but  not  T or  B lymphocytes) 
were  effective  in  antibody-dependent  cell-mediated  system  in  cooperation 
with  post-immunization  sera  or  purified  convalescent  IgG. 
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9.  Among  normal  sera,  antibody-dependent  cell-mediated  activity  is 

more  prevalent  than  is  complement-mediated  killing  of  meningococci. 

10.  Quantitative  blood  cultures  simplify  diagnosis  and  management  of 
access  site  infection  in  patients  undergoing  chronic  hemodialysis. 

11.  A modification  of  the  test  for  inhibition  of  bacterial  attachment 
to  epithelial  cells  was  unsuccessful. 

12.  Preliminary  results  suggest  that  pili  and  native  cell  wall  complex 
are  both  involved  in  epithelial  cell  attachment. 

13.  A variety  of  tests  were  performed  on  specimens  from  patients  from 
WRAMC.  These  included  the  isolation  of  Treponema  pallidum,  92  clinical 
specimens  for  special  isolation,  counter-current  immunoelectrophoresis 
for  specific  bacterial  antigens,  radioimmunoassay  determination  for 
teichoic  acid  antibody  and  antigen,  and  the  Limulus  assay  for  endotoxin. 

1.  Techniques  were  developed  for  isolating  high  molecular  weight 
polysaccharides  from  the  slime  layers  of  Pseudomonas  aeruginosa  Fisher- 
Devlin  immunotypes  I and  II.  The  techniques  were  directed  toward 
purification  of  these  polysaccharides  with  minimal  contamination  from 
toxic  lipopolysaccharides . Following  alcohol  precipitation  procedures 
and  cetavalon  precipitation  to  remove  nucleic  acid  contamination,  the 
polysaccharides  were  subjected  to  acetic  acid  hydrolysis  for  14  hours 
to  cleave  contaminating  lipopolysaccharide  into  its  lipid  A and  poly- 
saccharide components.  Chloroform  extraction  removed  the  remaining 
lipid;  cold  phenol  extraction  removed  remaining  protein;  and  the 
high  molecular  weight  polysaccharides  were  subsequently  collected  in 
exclusion  volume  of  a Sephadex  G-100  column.  Removal  of  further 
trace  nucleic  acid  contamination  was  accomplished  by  ion  exchange 
chromatography.  The  polysaccharides  from  immunotypes  I and  II  did  not 
stick  to  anion  or  cation  exchange  resins  over  a wide  ph  range  while 
nucleic  acids  have  a high  affinity  for  DEAE  resins. 

The  chemical  composition  of  purified  Type  1 polysaccharide  as 
compared  to  lipopolysaccharide  (LPS)  extracted  by  hot  phenol  water 
from  type  I organisms  is  shown  in  table  1.  As  would  be  expected  the 
lipopolysaccharide  contained  considerably  more  lipid.  The  poly- 
saccharides were  free  of  protein  and  had  only  minimal  nucleic  acid 
contamination  prior  to  ion  exchange  chromatography.  The  immuno- 
chemical relations  between  these  purified  polysaccharides  and  lipo- 
polysaccharides isolated  from  homologous  organisms  by  standard 
Westphal  techniques  were  examined  by  Ouchterlony  and  solid  phase 
radioimmunoassay  techniques.  Stearyl  chloride  derivatization  of 
the  polysaccharides  did  not  change  their  behavior  in  Ouchterlony  gel 
diffusion  experiments  and  greatly  facilitated  their  sticking  to  the 
soft  microtiter  plates  used  in  the  solid  phase  procedures. 

Rabbit  antisera  raised  either  by  hyperimmunization  with  live 
organisms  or  crude  slime  preparations  gave  two  lines  in  Ouchterlony 
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gels  when  reacted  with  either  crude  slime  or  lipopolysaccharides : one 
slow  migrating  line  and  one  more  rapidly  migrating  line.  Reaction  of 
these  sera  with  purified  polysaccharide  yields  a single  line.  This 
single  line  gave  a reaction  of  identity  with  the  rapidly  moving  line 
seen  with  cruder  preparations.  These  results  have  been  interpreted 
to  mean  that  lipopolysaccharide  preparations  are  contaminated  with 
polysaccharide  thus  yielding  two  lines  while  the  purified  polysaccharide 
contain  very  little  lipopolysaccharide.  Fisher-Devlin  lipopolysaccharide 
vaccines  were  likewise  tested  and  shown  to  be  contaminated  with  poly- 
saccharides. Attempts  to  purify  lipopolysaccharides  free  from  contami- 
nating polysaccharide  by  deoxycholate  chromatography  have  been  only 
partially  successful.  Acetic  acid  hydrolysis  of  Westphal  purified 
lipopolysaccharide  with  subsequent  Sephadex  G-100  chromatography  yielded 
three  polysaccharide  fractions,  two  in  the  high  molecular  weight  range 
and  one  below  50,000  daltons.  The  high  molecular  weight  fractions 
gave  lines  of  identity  with  the  purified  polysaccharide.  These  results 
suggest  either  that  a large  amount  of  high  molecular  weight  poly- 
saccharide contaminates  lipopolysaccharide  preparations,  or  that  high 
molecular  weight  polysaccharides  may  represent  high  molecular  weight-0 
side  chains  of  LPS.  Previous  experiments  with  deoxycholate  G-100  chromato- 
graphy and  SDS  polyacryamide  gel  electrophoresis,  however,  had  suggested 
that  the  lipopolysaccharides  were  in  the  12,000  dalton  range. 

Although  the  antigenic  determinant  on  the  polysaccharide  was 
stable  in  mild  acid  it  was  found  to  be  alkali  labile.  Treatment  with 
0.1  N HaOH  at  25°  for  2 hours  destroyed  the  determinant  when  assayed 
for  by  the  Ouchterlony  technique.  This  property  was  utilized  in  solid 
phase  radioimmune  inhibition  assays  to  demonstrate  that  sera  could  be 
prepared  which  contained  antibody  excluvisely  against  the  polysaccharide 
determinant.  The  solid  phase  reaction  between  polysaccharide  and  rabbit 
antisera  raised  against  crude  preparations  or  live  organisms  could  be 
inhibited  by  either  polysaccharide  or  lipopolysaccharide.  This  was 
expected  because  as  was  discussed  previously  all  lipopolysaccharide 
preparations  had  been  shown  to  be  contaminated  with  high  molecular 
weight  polysaccharides.  The  reaction  between  polysaccharide  and  rabbit 
antisera  could  not  however  be  inhibited  by  alkali  treated  LPS.  This 
suggested  the  means  for  obtaining  a rabbit  sera  from  which  anti  LPS 
antibody  had  been  removed.  When  rabbit  antisera  was  absorbed  with 
alkali  treated  LPS  it  no  longer  reacted  with  LPS  in  the  solid  phase 
but  continued  to  react  in  high  titre  with  purified  polysaccharide. 

Passive  protection  experiments  in  mice  demonstrated  that  0.2  ml 
rabbit  anti-polysaccharide  type  I sera  absorbed  with  alkali  treated 
LPS  given  intraperitoneally  1 hour  prior  to  challenge  with  10-50  LD^q 
was  able  to  protect  90%  of  the  animals.  Active  vaccination  with 
purified  type  I polysaccharide  preparations  followed  7 days  later  by 
intraperitoneal  challenge  with  10-100  LD^gtg  yielded  between  40-80% 
protection.  Results  of  some  of  these  experiments  are  shown  in  table  2. 
Alkali  treated  polysaccharide  did  not  elicit  active  protective  responses 
in  mice  while  alkali  treated  LPS  still  retained  this  property.  The 
inability  of  alkali  treated  polysaccharides  to  induce  protection  further 
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suggests  that  the  protection  seen  with  polysaccharide  vaccine  was  not 
due  to  LPS  contamination,  because  LPS  retains  its  immunogenicity 
following  alkali  treatment.  This  series  of  experiments  suggests  that 
an  alkali  labile  determinant  against  which  active  and  passive  immuni- 
zation is  directed  can  be  found  in  purified  high  molecular  weight, 

LPS  free,  polysaccharides  from  Pseudomonas  aeruginosa  immunotype  1. 

2.  The  role  of  pseudomonas  toxin  A in  human  disease  was  studied  in 
collaboration  with  Dr.  Barbara  Iglewski  from  the  University  of  Oregon. 
Several  large  batches  of  toxin  A were  purified.  A new  purification 
technique  utilizing  immunoabsorbent  chromatography  was  developed. 
Antitoxin  A was  coupled  to  Sepharose  4B  by  cyanogen  bromide  techniques. 
It  was  found  that  single  band  toxin  A could  be  eluted  with  2M 
potassium  iodide  after  crude  preparations  had  been  allowed  to 
equilibrate  with  the  column  and  extensively  washed  with  0.01  M Tris 
pH  7.5. 


Solid  phase  radioimmunoassay  procedures  for  quantitation  of  class 
specific  antibody  against  the  toxin  were  developed.  In  addition  a 
Chinese  Hamster  Ovary  (CHO)  cell  neutralization  assay  technique  was 
also  developed  to  measure  functional  neutralizing  antitoxin.  These 
procedures  were  then  used  to  measure  antibody  in  85  sera  from  56 
patients  infected  with  Pseudomonas  aeruginosa,  and  55  sera  from 
normal  soldiers  and  hospital  matched  controls.  The  results  indicated 
that  normal  subjects  have  neutralizing  and  measurable  IgG  antibody 
against  the  toxin,  but  these  levels  rarely  exceed  1:8-1:16  neutralizing 
titre,  or  1-2  ygm/ml  of  IgG,  and  less  than  1 pgm/ml  IgM  or  IgA  anti- 
body. Three  of  25  normal  soldiers  had  less  than  5 pgm/ml  of  specific 
IgG  antitoxin.  Colonized  patients  make  considerable  neutralizing 
antibody  (1:8-1:1204)  and  up  to  20-40  pgm  specific  IgG.  Four  patients 
who  survived  serious  pseudomonas  infections  produced  high  levels  of 
antibody  and  three  patients  who  died  of  _E.  coli  sepsis  also  had  high 
levels  of  neutralizing  and  IgG  antibody.  Strikingly  10  of  11  patients 
who  died  of  pseudomonas  sepsis  had  very  low  or  no  neutralizing  or  IgG 
antibody  (1:8  or  less  neutralizing  antibody  and  less  than  1 pgm  IgG). 
These  low  levels  could  indicate  general  inability  to  respond  or 
perhaps  to  consumption  of  antibody. 

In  a parallel  study,  the  incidence  of  toxin  A production  by  other 
pseudomonas  species  was  studied.  Ninety  percent  (100/111)  of  clinical 
and  laboratory  Pseudomonas  aeruginosa  species  investigated  were  toxin 
A producers.  None  of  28  non  aeruginosa  pseudomonads  were  producers. 
These  included  strains  of  P.  f luorescens , £.  multophilia,  I?. 
pseudomallei,  P.  sutida,  and  P.  cepacia. 

It  was  demonstrated  that  toxin  inhibited  protein  synthesis  as 
measured  by  uptake  of  radiolabelled  amino  acids  in  isolated  human 
transfer  macrophages,  T,  B and  Null  cells.  The  macrophages  were 
found  to  be  most  sensitive  to  the  toxin  (80-90%  inhibition  3 days  after 
exposure  to  this  toxin).  Blast  transformation  by  lymphocytes  as 
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measured  by  thymidine  uptake  was  inhibited  by  the  toxin.  The  ability 
to  inhibit  efferent  and  afferent  limbs  of  the  immune  system  further 
suggests  a role  for  toxin  A as  a virulence  factor  in  pseudomonas  disease. 

3.  The  molecular  mechanism  of  action  of  toxin  A is  known  to  be  similar 
to  that  of  diptheria  toxin,  involving  the  ADP  ribosylation  of  Elongation 
Factor  2 (EF-2).  Crude  filtrates  from  £.  aeruginosa  strain  388  originally 
isolated  from  a burn  unit  in  Seattle  neither  reacted  with  antitoxin  A 
antisera  in  gel  precipitation,  nor  could  its  toxicity  for  CHO  cells  be 
neutralized  by  anti  A.  These  culture  filtrates,  however,  were  active  in 
the  ADP  ribosylation  assay,  i.e.  radiolabelled  nicotimanide  adenine 
dinucleotide  (NAD)  in  the  presence  of  strain  388  filtrate  and  wheat  germ 
or  rabbit  reticulocyte  extract  was  converted  from  trichloracetic  acid 
(TCA)  soluble  to  TCA  insoluble  label.  When  this  reaction  was  studied 

in  greater  detail  it  was  found  that  the  strain  388  filtrate  (toxins) 
was  a true  NAD-ase  and  that  ADP-Ribose  was  being  transferred.  This  was 
determined  by  following  the  fate  of  label  in  different  portions  of  the 
NAD  molecule  during  the  reaction.  Only  label  in  the  adenine  and  ribose 
portions  was  transferred  while  nicotinamide  was  not.  When  purified 
EF-2  was  used  as  a receptor  rather  than  wheat  germ  no  transfer  of  label 
occurred.  When  90%  pure  EF-1  was  used  as  a receptor,  quantitative 
transfer  of  label  was  observed.  It  was  therefore  considered  that 
toxin  A and  toxin  S had  different  substrates.  Under  limiting  conditions 
of  wheat-germ-EF2  and  in  the  presence  of  excess  toxin  A (further 
addition  of  toxin  A could  not  increase  transfer),  addition  of  toxin  S 
doubled  the  transfer  further  further  proving  distinct  substrates  for 
the  two  toxins.  When  the  reaction  products  of  toxin  A and  toxin  S 
were  run  in  SDS-PAGE,  the  gels  frozen,  sliced,  eluted,  TCA  precipi- 
tated and  counted,  the  characteristic  100,000  Dalton  EF-2  product 
was  seen  to  contain  toxin  A.  The  product  of  the  toxin  S reaction 
gave  radioactive  peaks  at  50,000  and  below  which  were  somewhat 
characteristic  of  EF-1  (figure  1).  The  mechanism  of  action  of  toxin  S 
may  be  EF-l+NAD  tC^  ADP-R-EF1+H+. 

4.  Studies  on  the  immunochemical  relationship  between  the  J-5  mutant 
of  EL  coli  0111  and  other  gram  negative  lipopolysaccharides  (LPS)  have 
continued.  Solid  phase  inhibition  experiments  had  indicated  that  there 
were  shared  determinants  between  the  J-5  mutant  and  LPS  from  a variety 
of  enterobacteriaceae,  P.  aeruginosa,  and  N.  meningitidis.  Direct 
experiments  were  performed.  Pre  and  post-immunization  sera  from 
rabbits  vaccinated  with  J-5  were  tested  directly  for  their  ability 

to  bind  to  LPS  from  heterologous  organisms.  Tables  3 and  4 show  the 
consistent  rises  in  antibody  against  LPS  from  a variety  of  organisms 
including  10  LPS  types  of  meningococcus  and  6 of  7 immunotypes  of 
£.  aeruginosa.  These  results  suggest  that  J-5  may  represent  an  all 
purpose  anti-endotoxin  vaccine.  It  has  already  been  safely  given  to 
more  than  a hundred  volunteers  in  studies  by  Dr.  A.  Braude,  University 
of  California,  San  Diego,  CA. 

5.  Since  it  has  been  shown  that  members  of  the  enterobacteriaceae 
and  Pseudomonas  aeruginosa  (PA)  share  a common  core  structure  in  the 


lipopolysacchari.de  (LPS)  of  their  outer  membrane,  it  has  been  suggested 
that  antibody  to  these  core  determinants  may  prevent  shock  and  death 
subsequent  to  bacteremia  in  both  human  patients  and  animals.  There- 
fore the  human  antibody  response  to  bacteremia  with  these  organisms 
was  measured  by  a functional  (opsonic)  and  binding  (SPRIA)  antibody 
assay  to  the  homologous  LPS  of  the  infecting  organism  to  the  LPS  of  the 
rough  J-5  mutant  of  EL  coli  0111  and  to  the  LPS  of  the  Re  mutant  of 
Salmonella  minnesota.  Antibody  levels  of  10  ug  ml  or  more  were  detected 
in  convalescent  sera  from  5 of  18  patients  against  J-5  LPS,  3 of  16 
patients  against  the  salmonella  Re  LPS  and  12  of  16  patients  against 
the  homologous  LPS.  (8  of  these  12  had  levels  of  greater  than  50  ug  ml.) 
Antibodies  of  IgG,  IgA  and  IgM  classes  were  all  produced.  The  actual 
levels  varied  greatly  from  patient  to  patient  and  did  not  seem  to 
correlate  with  patient  survival,  and  the  time  of  rise  of  antibody  also 
varied  greatly.  Most  patients  had  significant  elevations  in  titer  by 
the  end  of  the  first  week.  In  the  3 patients  who  have  been  studied, 
opsonic  antibody  appeared  when  there  were  high  levels  of  binding  anti- 
body. This  opsonic  antibody  was  inhibited  by  the  homologous  LPS  at 
10  ug/ml  in  one  patient  bacteremic  with  EL  coli  and  at  50  ug/ml  in  a 
second  patient  bacteremic  with  Salmonella  enteritidis . Both  Re  and 
J-5  LPS  in  final  concentration  of  50  ug/ml  failed  to  inhibit  opsonic 
antibody  in  any  patient  tested.  Pre  and  post-vaccination  sera  to 
J-5  from  healthy  human  volunteers  and  from  hyper-immunized  rabbits 
were  also  compared  for  differences  in  opsonic  capability.  No  differences 
were  found. 

6.  As  a corollary  to  the  question  of  the  role  of  opsonic  antibody 
response  to  prognosis  in  gram  negative  bacteremia,  stimulation  of 
lymphocytes  was  studied  to  determine  whether  this  would  lead  to 
enhanced  bacterial  killing  by  PMN's.  Supernatants  from  PHA  stimulated 
lymphocytes  influence  PMN’s  to  kill  more  efficiently  as  determined  by 
bacterial  kill  and  chemilumenescence . This  enhanced  bacterial  killing 
by  PMN’s  occurs  in  the  absence  of  complement  and  antibody,  since  neither 
the  supernatant  nor  PHA  was  bactericidal. 

7.  It  has  been  demonstrated  that  both  lymphocytes  and  monocytes  (either 
together  or  when  separated)  can,  in  cooperation  with  group  specific 
human  immune  sera,  effect  antibody-dependent  cell-mediated  anti- 
bacterial activity  (ADCAA)  against  group  C meningococci  (Mgc).  We  also 
have  shown  that  this  ADCAA  could  be  abrogated  by  adsorbing  group- 
specific  antibodies  from  the  antisera  using  homologous  group  C Mgc 
polysaccharide  (Psss).  No  effect  was  noted  when  using  homologous  protein 
or  LPS  antigens  or  heterologous  polysaccharide.  We  now  report  studies 

on  the  effect  of  purified  human  IgG,  IgM  and  IgA  in  our  system.  Purified 
IgG,  IgM  and  IgA  were  prepared  as  previously  described  from  patients 
convalescing  from  group  C type  meningococcal  disease.  A representative 
experiment  showing  the  ability  of  IgG  to  be  effective  in  ADCC  is  shown 
in  figure  2.  Since  we  showed  that  all  immunoglobulin  activity  in  the 
sera  used  was  directed  against  Psss,  we  could  quantitate  the  amount  of 
Ig  effective  in  our  system  using  a radioactive  binding  assay.  As  shown 
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in  table  5,  significant  ADCC  activity  was  present  when  as  little  as 
4 antigen-binding  units  (ABU)  of  IgG  were  used.  IgG  was  also  effective 
with  complement  (C')  down  to  this  level.  IgM,  in  contrast,  was 
effective  with  C'  when  as  little  as  0.2  ABU  of  IgM  were  used  while  it 
was  effective  with  cells  only  using  quantities  _>  3.2  ABU,  a 16-fold 
difference  (table  6).  Since  IgA  was  shown  to  block  IgG-mediated  C'- 
dependent  lysis  of  Mgc,  experiments  were  performed  to  determine  if  IgA 
could  block  IgG-mediated  cell-dependent  killing;  it  did  not  (table  7). 
Moreover,  as  shown  in  table  8,  although  IgA  could  not  kill  Mgc  at  all 
in  cooperation  with  C’,  it  was  effective  in  ADCC  even  when  as  little 
as  0.6  ABU  of  IgA  were  used.  In  summary,  as  shown  in  figure  3 and 
table  9,  IgA  could  mediate  ADCC  of  Mgc  using  10  fold  less  ABU  of  immuno- 
globulin than  either  IgG  or  IgM  even  though  it  could  not  kill  in 
cooperation  with  C'.  Furthermore,  IgA-mediated  ADCC  was  comparable  in 
magnitude  to  that  mediated  by  IgG.  Both  IgG  and  IgA  were  more  effective 
than  IgM  in  ADCC  although  in  cooperation  with  C' , IgM  was  at  least  16- 
fold  more  effective  than  IgG.  This  observation  suggests  a role  for 
IgA  in  anti-bacterial  cell-mediated  immunity,  particularly,  in  areas  where 
complement  levels  are  low  or  ineffective. 

8.  We  have  suggested  that  lymphocyte  (and/or  monocyte)  mediated, 
complement-independent  antibacterial  system  may  be  analogous  to  the 
recently  described  mechanism  of  antibody-dependent  cellular  cytotoxicity 
(ADCC)  which  has  been  shown  to  be  mediated  by  lymphocytes  and/or  mono- 
cytes. Accordingly,  we  examined  the  nature  of  the  effector  cells  which 
mediate  ADCAA.  Mononuclear  cell  populations  were  prepared  as  shown  in 
figure  4.  The  ability  of  these  cell  populations  to  mediate  ADCC  of  Mgc 
in  cooperation  with  post-Csss  immunization  is  shown  in  table  10.  Indeed, 
polymorphonuclear  leukocytes,  monocytes  & Null  (k)  lymphocytes  were 
found  to  be  effector  cells  in  our  system.  Similarly,  these  cells,  but 
not  purified  B or  T lymphocytes,  were  effective  in  cooperation  with 

IgG  purified  from  C^j  convalescent  sera  (table  11).  These  results  tend  to 
emphasize  the  similarity  between  our  cell-mediated  anti-bacterial  activity 
and  previously  described  lymphocyte  and  monocyte  mediated  ADC  effector 
mechanisms  and  suggest  a role  for  the  null  (k)  cell  in  cell-mediated 
antibacterial  immunity. 

9.  We  examined  the  role  of  ADCAA  in  natural  ’mmunity  by  comparing 
cell-mediated  to  complement-mediated  antibacterial  activity  in  pre-and 
post-Csss  immunization  sera.  As  shown  in  table  12  and  figure  5,  normal 
human  peripheral  blood  mononuclear  cells  were  capable  of  killing 
group  C Mgc  in  cooperation  with  heat-inactivated  normal  adult  sera  in 
the  absence  of  added  complement.  Moreover,  this  bactericidal  activity 
mediated  by  non-adherent  mononuclear  cells  was  significantly  more 
prevalent  among  normal  sera  than  was  complement-mediated  killing. 
Furthermore,  following  immunization  with  Mgc  group  Csss,  significant 
rises  in  titer  and  magnitude  of  both  cell-medited  and  C'-mediated 
killing  were  induced  resulting  in  C'  + Ab  activity  equal  to  or  greater 
than  ADCC-type  killing.  It  was  also  determined  that  both  lympho- 
cytes and  monocytes  contribute  to  the  ADCC-type  bactericidal  activity 
seen  with  both  normal  and  Csss  immune  sera.  These  observations  suggest 
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a role  for  antibody-dependent  cell  mediated  antibacterial  activity  in 
natural  immunity,  particularly  in  those  individuals  lacking  antibody- 
dependent  complement-mediated  activity. 

10.  Quantitative  counts  on  both  blood  from  peripheral  veins  and  access 
sites  (AS)  of  patients  undergoing  chronic  hemodialysis  have  been  performed 
in  an  effort  to  simplify  diagnosis  of  AS  infections.  Blood  from  both 
sites  was  cultured  by  pour  plate  technique  in  (1)  patients  suspected  of 
having  AS  infection  on  clinical  grounds  and  (2)  from  patients  with  normal- 
appearing AS.  All  35  patients  were  followed  for  the  duration  of  hospital 
stay  (and  for  most,  during  subsequent  hospitalizations).  Quantitative 
cultures  were  able  to  differentiate  between  patients  with  AS  infections 
and  those  whose  AS  was  sterile  in  spite  of  clinical  signs  of  infections. 
Moreover,  we  were  able  to  predict  when  conservative  management  of  AS 
infection  with  antibiotics  would  fail. 

11.  Previous  studies  have  demonstrated  the  usefulness  of  the  test  for 
inhibition  of  epithelial  cell  attachment  (IEA)  by  bacteria  as  a measure- 
ment of  "functional  antibody",  especially  for  local  antibodies.  However, 
this  test  as  described  in  these  studies  required  much  time  and  was 
extremely  tedious.  Also,  the  procedure  required  the  use  of  benzidine 
in  one  step;  this  is  a potential  carcinogen,  which  should  be  avoided 
if  possible.  Therefore  an  attempt  was  made  to  modify  and  simplify  the 
test.  The  IEA  test  was  performed  as  previously  described,  except  for 
the  following  modifications  (a)  the  organisms  were  radiolabelled  with 
1^35;  (b)  separation  of  epithelial  cells  with  attached  organisms  from 
free  (non-attached)  organism  was  attempted  by  using  gradients  (ficoll, 
sucrose);  and  (c)  the  number  of  organisms  was  quantitated  using  radio- 
labelled  specific  antisera.  Despite  a great  deal  of  effort  adjusting 
these  parameters,  the  modifications  were  not  found  to  be  helpful.  Radio- 
labelling of  organisms  resulted  in  loss  of  antigen  (s)  mediating 
attachment  (presumably  pili).  Radiolabelling  of  antisera  did  not 
adequately  differentiate  attached  organisms  on  epithelial  cells 
probably  because  of  non-specific  attachment  of  the  radiolabelled 
globulin  to  the  epithelial  cells.  However,  during  the  course  of  these 
studies  it  was  determined  that  quantitation  of  the  number  of  organisms 
attached  per  cell  was  a sensitive  method  of  determining  antibody  function. 

12.  Since  it  was  determined  that  antibody  could  block  bacterial 
attachment  to  epithelial  cells,  attention  was  turned  to  identifying 
those  antigen  (s)  mediating  this  effect.  Two  antigens  which  might  be 
involved  in  attachment  were  tested;  pili  and  native  cell  wall  complex. 
Neisseria  pili  were  supplied  by  Dr.  Charles  Brinton,  University  of 
Pittsburgh.  Neisseria  native  complex  was  made  as  previously  described. 

The  IEA  procedure  was  employed  in  a competitive  test  using  progressively 
increasing  concentrations  of  antigen.  In  addition,  vaginal  secretions 
were  absorbed  with  pili  to  determine  if  the  inhibiting  effect  of  anti- 
body in  secretions  would  be  removed.  Both  pili  and  native  complex 
inhibited  homologous  and  heterogenous  strains  in  a dose  response  fashion. 
Homologous  inhibition  was  usually  more  intense  (table  13).  Neither 
Eh  coli  pili-nor  pseudomonas  native  complex  had  any  effect.  Adsorption 
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of  a human  vaginal  secretion  with  the  homologous  pilus  preparation 
blocked  the  inhibition.  Thus,  both  pili  and  native  complex  antigens 
were  capable  of  blocking  IEA.  This  property  appears  to  be  species 
specific.  Since  native  complex  probably  contains  the  pilus  antigen 
it  is  not  yet  knowi  if  cell  wall  components  other  than  pili  are  also 
involved  in  attachment. 

13.  The  Department  of  Bacterial  Diseases  continues  to  perform 
specialized  microbiologic  tests  for  military  patients.  There  were 
3 unsuccessful  attempts  to  isolate  T.  pallidum  from  syphilitic  patients 
using  procedures  previously  described.  Twenty  meningococcal  isolates 
were  received  for  serological  confirmation.  Of  those  surviving  trans- 
portation 5 were  group  B,  6 were  group  Y,  and  one  each  of  group  135  and 
29E.  No  group  C isolates  were  received.  Ninety-two  specimens  from 
humans,  chimpanzees  and  dogs  were  received  for  special  isolate  attempts; 
31  throat  cultures,  3 stool,  12  urine  and  4 tissue  specimens.  Fifteen 
gentamicin  blood  level  determinations  were  done.  Two  hundred  and 
twenty-five  specimens  were  tested  for  the  presence  of  staphylococcal 
teichoic  acid  antibodies  using  counter  current  immunoelectrophoresis 
(CIE).  The  specimens  included  six  cerebrospinal  fluids,  two  joint 
fluids,  and  117  sera.  Except  for  the  meningitidis  cases,  the  specimens 
were  from  WRAMC  patients  suspected  of  having  staphylococcal  infections. 
Sera  from  17  hospital  staff,  10  from  patients  with  non-staphylococcal 
infections,  14  from  Ft.  Ord  recruits  and  five  from  gram-negative  patients 
sepsis  were  tested  as  negative  controls.  Forty  of  the  225  specimens 
were  found  to  have  teichoic  acid  antibodies.  Two  hundred  and  ten  of 
these  specimens  were  also  analyzed  by  radioimmunoassay  for  IgG,  IgA  and 
IgM  levels  to  teichoic  acid  antigen  prepared  in  this  laboratory.  There 
was  significant  titer  increase  for  IgG  in  most  cases,  but  usually  no 
increase  in  IgM  and  IgA  titers.  CSF  from  patients  with  bacterial, 
viral  or  fungal  meningitidis  have  been  reported  to  have  characteristic 
amines,  acids,  and  alcohols  apparently  contributed  by  the  metabolism 
of  the  invading  microorganism.  The  extreme  sensitivity  of  gas-liquid 
chromatography  allows  the  detection  of  minute  quantities  of  the 
derivatized  biochemicals.  Thus  far  CSF  obtained  from  non-infected 
WRAMC  patients  have  been  analyzed  to  obtain  a normal  baseline  for  the 
amine  derivatives.  The  CSF  from  2 cases  of  meningitis  show  distinct 
differences  from  the  normal.  Commercially  available  limulus 
amoebocyte  lysate  may  be  used  to  detect  the  presence  of  as  little  as 
1 nanogram  or  less  of  endotoxin.  This  test  has  recently  been  instituted 
in  this  laboratory  and  is  presently  being  standardized. 
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Table  1.  Chemical  Composition  of  Polysaccharide  and  LPS  from 


P.  aeruginosa  Type  1 


Component 

Polysaccharide 

LPS 

Carbohydrate 

rH 

O 

401 

Lipid 

0.01 

15 

Nucleic  Acid 

1.0 

1.6 

Phosphate^ 

0.0 

2.8 

Protein 

0.0 

4.3 

Water 

21.67 

ND3 

TOTAL  92.68 

63.7 

-^Weight  per  cent 

^Phosphate  determined  on  sample  passed  over  a DEAE  column  in  water  to 
remove  last  trace  of  nucleic  acid 
3Not  done 


. 
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Table  2.  Protection  of  Mice  by  Immunization  with 
P,.  Aeruginosa  Type  1 Polysaccharide 


Amount  (pgm) 
Psss  given 

#LD$0 

given 

//Dead  72  hr 
Total 

% Protected 

100 

30 

4/10 

60 

50  Antigen 

30 

4/10 

60 

from 

25  solid 

30 

4/10 

60 

culture 

10 

30 

6/10 

40 

0.5 

10 

7/8 

12.5 

0.1 

10 

8/8 

0 

0.05 

10 

8/8 

0 

100 

66 

2/9 

77.8 

Antigen 

25  from 

66 

4/9 

55.5 

solid 

10  culture 

66 

4/9 

55.5 

100 

66 

3/9 

66.7 

Antigen 

50  from 

66 

4/9 

55.5 

liquid 

10  culture 

66 

4/9 

55.5 

500  Antigen 

82.5 

4/9 

55.5 

from 

250  solid 

82.5 

3/9 

66.7 

culture 

Mice  were  immunized  by  i.p.  injection  of  amount  of  polysaccharide 
indicated  in  0.1  ml  saline  and  challenged  7 days  later  with  an 
18  hr  agar  culture  of  the  organism  suspended  in  saline  to  a pre- 
determine optical  density  at  650  nm.  0.1  of  challenge  inoculum 
given. 


Table  3.  Rises  in  Antibody  to  Heterologous  Lipopolysaccharide 
Antigens  Following  Vaccination  with  J-5  Organisms  as 
Measured  by  Solid  Phase  Radioimmunoassay 


J-5 

Re 

0111 
E.  coli 
04 

Serr . 
Styph. 
E.  coli 
017 
Ps  1 
Ps  2 
Ps  3 
Ps  4 
Ps  5 
Ps  6 
Ps  7 


aMicroorganisms  of  antibody/ml  is  a pooled  sea  from  5 rabbits  prior  to 
and  following  vaccination  with  heat  killed  J-5  organisms 

J-5  J-5  mutant  II.  coli  0111 

Re  Re  mutant  Salmonella  minnesota 

0111  J-5  E.  coli  parent  strain 

E).  coli  04  Smooth  12.  coli 

Serr.  Serratia  marcescans  clinical  isolate 

j>.  typhi  Salmonella  typhimurium 

Ps  1-7  Pseudomonas  aeruginosa  immunotypes  1-7 


Pre 

Post 

. 54a 

116.64 

.59 

22.63 

.48 

22.23 

.08 

.87 

.14 

.25 

.13 

.37 

.27 

2.74 

.18 

2.57 

.47 

7.64 

.41 

6.89 

4.13 

2.40 

1.05 

3.27 

.61 

9.63 

.78 

2.87 

Table  4 Rises  in  Antibody  to  Heterologous  Lipopolysaccharide  Antigens 
Following  Vaccination  with  J-5  Organisms  as  Measured  by  Solid 

Phase  Radioimmunoassay 


Pre 

Post 

J-5 

.54 

116.64 

M978 

.51 

8.07 

M35E 

1.22 

10.93 

M981 

1.61 

15.29 

M89I 

1.08 

2.36 

M126 

.98 

9.04 

M6275 

1.32 

4.15 

M6155 

.63 

8.47 

M992 

3.20 

14.91 

M7889 

.90 

3.44 

M978-M992  Prototype  meningococcal  LPS.  Strains  from  groups  B and  C 
M7889  Prototype  meningococcal  LPS  strain  from  group  A. 


Table  5 Comparison  of  Complement-Mediated  and  Cell-Mediated  Killing 
of  Group  C Meningococci  in  Cooperation  with  Purified  IgG 


Amount  of 

Csss  bound 
(nanaograms) 

ADCC 

% Specific  Kill 

Ab  + C' 

32 

74 

95 

16 

70 

86 

8 

65 

82 

4 

52 

78 

2 

26 

5 

1 

18 

7 

Table  6 Comparison  of  Complement-Mediated  and  Cell-Mediated  Killing 
of  Group  C Meningococci  in  Cooperation  with  Purified  IgM 


Amount  of 

% Specific  Kill 

Csss  bound 

(nanograms) 

ADCC 

Ab  + C' 

12.8 

47 

85 

6.4 

43 

93 

3.2 

41 

97 

1.6 

27 

99 

0.8 

16 

99 

0.4 

0 

98 

0.2 

0 

98 

'12 
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Table  7 Inability  of  IgA  to  Block  IgG-Dependent  Cell-Mediated 
Killing  of  Group  C Meningococci 


Amount  of  % Specific 

Csss  bound  Kill 

(nanograms)  (ADCC) 


! 


Table  8.  Comparison  of  Complement-Mediated  and  Cell-Mediated  Killing 
of  Group  C Meningococci  in  Cooperation  with  Purified  IgA 


Amount  of 

Csss  bound 
(nano grams) 

% Specific  Kill 

ADCC 

Ab  + C' 

9.6 

52 

0 

4.8 

58 

0 

2.4 

60 

0 

1.2 

63 

0 

0.6 

50 

0 

0.3 

34 

0 

1 


Table  9.  Summary  Comparison  of  the  Abilities  of  IgG,  IgA  and  lgM 
to  Kill  Group  C Meningococci  in  Cooperation  with  either 
Complement  or  Non-Adherent  Mononuclear  Cells 


Ab  + Cells 

Ab  + C' 

Amount  of  Csss  bound 

4.0  0.6 

4.0  0.6 

(nanograms) 

Table  10.  Antibody-Dependent  Cell-Mediated  Killing  of  Meningococci 
in  Cooperation  with  Purified  Leucocyte  Subpopulations 

Cell  Type  % Specific  Kill  ± SEM 

Mononuclear  cells  (T,B,N.M) 

Lymphocytes  (T,B,N) 

B cells 
T cells 

Null  (K)  cells 
Monocytes 

Polymorphonuclear  leucocytes 


65 

+ 

2 

31 

+ 

5 

43 

+ 

14 

31 

+ 

6 

11 

+ 

4 

18 

+ 

6 

6 

± 

6 

12 

+ 

6 

67 

± 

18 

59 

± 

8 

83 

± 

10 

53 

± 

17 

74 

± 

1 

69 

± 

4 

Table  11.  IgG-Dependent  Cell-Mediated  Killing  of  Meningococci  in 
Cooperation  with  Purified  Leucocyte  Subpopulations 

% Specific  Kill  ± SEM 


Mononuclear  cells  46  ± 7 
Lymphocytes  (T,B,N)  43  ± 7 
B cells  16  ± 9 
T cells  3 ± 2 
Null  (K)  cells  48  ± 2 
Monocytes  51  ± 5 
Polymorphonuclear  leucocytes  63  ± 1 


Table  12.  Cell-Mediated  and  Complement-Mediated  Bactericidal 
Activity  in  Pre-  and  Post-  Immunization  Sera 


ADCC 

C'  + Ab 

PRE: 

Positive  Sera  (%) 

Total 

19/20  (95%) 

11/20  (55%) 

Exclus ive 

9/20  (45%) 

1/20  ( 5%) 

Recip.  of  Geo.  Mean  Titre 

86 

25 

Titre  Higher  for  (%) 

15/20  (75%) 

3/20  (15%) 

Mean  Titre  Difference 

4.0  fold 

4.6  fold 

POST: 

Positive  Sera  (%) 

Total 

9/9  (100%) 

9/9  (100%) 

Exclusive 

0 

0 

Recip.  of  Geo.  Mean  Titre 

297 

470 

Titre  Higher  for  (%) 

4/9  (44%) 

5/9  (56%) 

Mean  Titre  Difference 

3.6  fold 

3.2  fold 

PRE  vs.  POST: 


Mean  Titre  Increase 


5.6  fold 


9.2  fold 


Table 

13. 

Inhibitory  Effects 

of  Pili  and 

Native 

Complex 

on  Epithelial  Cell  Attachment 

Organism 

mg/ml 

Organism 

135 

135 

149 

418 

Nat  . Com 

135  135 

149 

418 

0.45 

84* 

64 

48 

2 

90 

81 

78 

.22 

73 

49 

39 

1 

86 

43 

- 

.11 

60 

23 

23 

.50 

75 

28 

59 

.06 

52 

14 

8 

.25 

72 

26 

43 

.03 

41 

7 

8 

.12 

73 

29 

26 

.015 

24 

4 

0 

.06 

59 

22 

17 

.007 

18 

0 

0 

.03 

61 

25 

0 

.013 

1 

.015 

42 

19 

0 

.001 

0 

.007 

28 

19 

3 

.005 

4 

- 

149 

NCI  39 

0.34 

81 

92 

94 

0.43 

67 

82 

84 

.17 

73 

88 

84 

0.21 

47 

67 

47 

.08 

62 

88 

72 

.11 

46 

57 

11 

.04 

49 

84 

64 

.06 

14 

56 

2 

.02 

53 

75 

49 

.03 

14 

47 

0 

.01 

47 

71 

40 

.015 

3 

37 

0 

.005 

11 

63 

34 

.007 

32 

.002 

10 

63 

15 

.003 

26 

.001 

8 

35 

0 

- 

.005 

4 

4 

0 

- 

418 

NC418 

0.28 

84 

86 

87 

.33 

29 

71 

64 

.14 

73 

81 

87 

.16 

23 

47 

15 

.07 

51 

79 

74 

.08 

10 

45 

4 

.03 

- 

76 

58 

.04 

0 

23 

0 

.015 

32 

68 

40 

.02 

0 

8 

4 

.007 

10 

60 

42 

.01 

0 

.0035 

0 

47 

36 

- 

.0011 

4 

24 

28 

- 

.0001 

13 

17 

- 

.0004 

4 

16 

- 

* % inhibition  of  epithelial  cell  attachment. 
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Figure  1 Reaction  products  of  Pseudomonas  Toxin  A and  Pseudomonas 
Toxin  S. 


Legend  - SDS-PAGE 
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23.  (U)  Determine  the  factors  influencing  outbreaks  of  plague  infection  and  the  most 
appropriate  methods  to  prevent  the  infection  of  troops  engaged  in  field  operation. 

24.  (U)  Using  standard  methods,  specimens  and  sera  from  humans  and  animals  are 
tested  for  the  presence  of  Y.  pestis  and  F-l  antibody  to  Y.  pestis. 

25.  (U)  76  10  - 77  09  Strains  of  Y.  pestis  recently  isolated  from  natural  foci  of 
plague  were  examined  for  virulence  determinants,  aberrant  protein  content,  and  anti- 
biotic sensitivities.  Strains  examined  (43)  from  South  Vietnam,  Java,  and  the  USA 
produced  Fraction  1 antigen,  VW  antigens,  pesticins,  pigmentation  and  they  were 
sensitive  to  streptomycin  and  tetracyclines.  However,  some  variant  Y.  pestis  were 
encountered.  Rough-specific  bacteriophages  of  the  Enterobacteriaceae  are  useful 
tools  for  the  study  of  cell-wall  complexes  of  Y.  pestis.  Experiments  on  latent 
disease  are  in  progress.  Rhesus  monkeys  vaccinated  with  the  Army  Plague  Vaccine, 
USP,  and  thereafter  challenged  with  typical  encapsulated  Y.  pestis  or  with  capsule- 
deficient  Y.  pestis  failed  to  prove  susceptible  to  Y.  pestis.  Resolution  of  the 
question  of  the  susceptibility  of  primates  to  chronic  plague  awaits  experiments  with 
more  suitable  monkeys.  For  technical  report  see  Walter  Reed  Army  Institute  of 
Research  Annual  Report,  1 Jul  76  - 30  Sep  77. 
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Description 

To  determine  the  factors  influencing  outbreaks  of  plague  infection 
and  the  most  appropriate  methods  to  prevent  the  infection  of  troops 
engaged  in  field  operation. 

Progress 

The  plague  outbreaks  of  1975  and  1976  in  the  United  States  provided 
interesting  epidemiological  data  for  many  of  the  plague  cases  that  occurred. 

Prompted  by  the  promise  of  fresh  insights  into  the  as  yet  unresolved 
problem  of  persistent  endemic  plague,  and  the  fact  that  numerous  DOD 
installations  are  in  or  near  natural  plague  foci,  an  examination  of  trends 
in  the  incidence  of  plague  in  the  United  States  was  undertaken.  As  in 
previous  years,  plague  strains  recovered  from  patients  have  been  studied 
for  virulence  determinants  and  sensitivity  to  antibiotic  drugs.  Although 
all  plague  strains  recovered  from  patients  in  the  United  States  over  the 
past  few  years  have  been  of  typical  phenotype  and  sensitive  to  streptomycin 
and  tetracycline,  a number  of  aberrant  plague  bacteria  have  been  found 
in  the  tissues  of  fleas,  rodents,  and  man  (22).  Such  observations, 
reinforced  by  laboratory  experiments  on  chronic  plague  in  rats  (21)  have 
suggested  that  atypical  phenotypes  of  the  plague  bacillus  are  not  uncommon 
in  nature  and  have  stimulated  research  in  the  period  covered  by  this 
report  to:  (1)  test  the  abilities  of  various  vaccines  and  drugs  to  prevent 
cryptic  plague  in  rats  and  primates;  (2)  develop  and  test  methodologies 
directly  applicable  to  studies  of  Y.  pestis  phenotypes  and  chronic  disease; 

(3)  determine  the  frequency  of  occurrence  of  atypical  Y.  pestis  in 
naturally  infected  fleas  and  mammals;  and  (A)  continue  the  studies  on 
Y.  pestis  sensitivity  to  various  bacteriophages.  In  addition,  new  studies 
were  undertaken  to  test  vaccines  for  protection  against  plague  and  to 
improve  diagnostic  reagents  and  procedures  for  the  diagnosis  and  sur- 
veillance of  plague  infection.  These  matters  form  the  basis  of  this  report. 

I.  An  analysis  of  plague  in  the  United  States. 

The  persistence  of  natural  plague  foci  and  the  likelihood  of  increased 
human  contact  with  the  plague  bacillus  with  development  schemes  or  other 
activities  has  been  recognized  internationally  (23)  and  is  supported  by 
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reports  from  widely  distributed  natural  foci  in  the  western  United 
States  (1,2).  Table  1 presents  the  data  on  cases  of  plague  resulting  from 
probable  contact  with  wild  rodents  or  their  fleas  that  have  occurred 
in  the  United  States  since  1920;  the  decade  in  which  sylvatic  plague  was 
first  recognized  as  a distinct  entity.  By  definition,  sylvatic  or  wild 
plague  is  a rural  disease.  Although  the  rural  populations  (3)  of  the 
nine  states  listed  in  Table  1 are  rather  constant,  the  average  number 
of  cases  per  year  shows  a rise  in  incidence.  These  data  may  be  somewhat 
conservative  as  several  plague  cases  are  known  to  have  been  misdiagnosed 
as  tularemia  (18) . Young  children  appear  to  be  principal  victims  (Table 
2),  with  exposure  in  the  vicinity  of  the  home.  The  geographic  distribution 
of  the  cases  (Figure  1)  shows  two  pronounced  natural  foci:  one  along 
the  Pacific  Coast  and  associated  inland  mountain  ranges;  one  in  the 
general  area  of  the  Rocky  Mountains.  While  all  regions  do  not  demonstrate 
the  same  degree  of  activity,  sporadic  cases  occurring  over  the  years 
attest  to  the  persistence  of  the  disease  in  many  of  the  areas  shown. 

To  provide  a more  precise  identification  of  areas  of  potential  significance 
to  DOD,  the  coordinate  grid  utilized  in  Figure  1 is  based  upon  Map  40-DMATC, 
Series  8205  of  2-76,  "Major  Army,  Navy  and  Air  Force  Installations  in 
the  U.S." 

The  persistence  of  plague  in  natural  foci  in  the  United  States  is 
impressive.  Current  studies  at  WRAIR  provide  some  insite  into  possible 
mechanisms  for  this  phenomena.  Antibodies  to  the  specific  FI  capsular 
antigen  of  Y.  pestis  are  detectable  in  the  peripheral  blood  of  human 
beings,  rodents,  and  certain  other  mammals  shortly  after  infection. 

FI  antibodies  can  be  demonstrated  in  the  sera  of  animals  collected  in 
plague  foci,  and  serum  surveys  have  been  widely  used  for  plague  detection 
and  surveillance.  Maternal  FI  antibody  is  also  present  in  the  sera  of 
young  R.  norvegicus  and  other  rodents  born  to  infected  or  vaccinated  dams. 
Presence  of  FI  antibody  as  measured  by  the  indirect  hemagglutination  test 
reflects  an  immune  state  which  results  from  (1)  vaccination  with  either 
living  attenuated  or  killed  plague  vaccines,  or  (2)  injections  of  potent 
plague  antisera.  Rattus  norvegicus  with  titers  in  excess  of  1:64  are 
usually  highly  resistant  to  acute  disease.  Unfortunately,  Y.  pestis  are 
not  always  eliminated  from  the  tissues  of  all  seemingly  immune  rats,  and 
the  disease  occasionally  persists  in  chronic  form.  Walled-off  buboes, 
containing  a spectrum  of  varying  Y.  pestis  phenotypes,  continue  to  enlarge 
(Figure  2)  and  may  result  in  the  eventual  death  of  the  animal.  Death 
in  laboratory  rats  usually  occurs  when  buboes  rupture  internally  and 
release  their  highly  toxic  and  infectious  contents  into  the  system  of 
the  animal.  This  condition  is  noteworthy  (Table  3)  because  Y.  pestis  of 
fully  virulent  phenotype  (F1+:VW+:P+:PCF  ) may  persist  in  the  tissues  of 
vaccinated  animals  up  to  18  months  following  challenge  infections,  and 
virulent  variants  of  Y.  pestis  (F1“:VW+:P+:PCF+) , selected  in  vivo  in  the 
presence  of  FI  antibody,  have  been  found  24  months  post  challenge.  The 
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mechanisms  for  the  survival  of  Y.  pestis  and  for  the  selection  of  variant 
bacilli  in  vivo  in  immunized  rats  is  not  clear,  but  the  data  suggest 
processes  which  serve  to  maintain  the  presence  of  the  disease  in  natural 
foci.  However,  the  presence  of  atypical  Y.  pestis  in  nature  is  of  concern. 

Several  relevant  observations  appear  justified  based  on  experience 
in  R.V.N.  and  the  above  analysis.  Plague  in  natural  foci  is  persistent. 

Vast  tracts  of  land  in  the  western  United  States  are  utilized  for  various 
DOD  purposes.  Obviously,  residents  in  natural  plague  foci  are  at  some 
risk  and  9 of  the  cases  shown  in  Table  1 were  active  or  retired  military 
personnel  or  their  dependents.  Several  DOD  installations  have  reported 
the  presence  of  infected  rodents  during  the  present  decade.  Seasonal 
distribution  of  the  cases  (Figure  3)  shows  that  the  threat  is  present 
throughout  the  year.  The  distinct  peaks  are  characteristic  of  flea-borne 
plague,  while  "off-season"  cases  may  illustrate  the  potential  dangers 
of  handling  dead  or  infected  animals  (17,19).  Actual  contact  with  natural 
foci,  however,  may  be  unnecessary,  as  in  some  instances,  the  infection 
involves  the  respiratory  system,  and  the  patient  transmits  plague  bacilli 
via  aerosol  or  fomites  to  his  contacts  elsewhere.  Treatment  with  strepto- 
mycin, tetracyclines,  or  chloramphenicol  has  greatly  reduced  plague 
mortality.  However,  as  noted  in  Vietnam,  these  drugs  do  not  always  result 
in  the  complete  elimination  of  Y.  pestis  from  walled-off  lesions:  virulent 
Y.  pestis  have  been  isolated  from  some  patients  who  have  been  under 
treatment  for  prolonged  periods  of  time  (13).  Residual  bacilli  could 
result  in  a chronic  infection.  Bubonic  plague  occurs  in  all  degrees  of 
severity.  In  some  circumstances,  patients  first  seen  late  in  the  course 
of  the  disease  may  show  frank  bacteremia  (Figure  4),  a grave  prognostic 
sign.  In  some  patients,  disseminated  intravascular  coagulation  may 
present  a problem,  in  extreme  cases  leading  to  purpura  (Figure  5)  and 
frank  gangrene  resulting  in  loss  of  extremities  (4,16).  A guarded  prognosis 
is  always  advisable,  as  some  patients  may  succumb  even  when  apparently 
recovering.  Reports  of  chronic,  relapsing,  latent  meningeal  plague  (15) 
and  recurrent  plague  infection  without  accompanying  serological  response 
(5)  are  suggestive  of  either  chronic  infections  or  infections  with 
aberrant  phenotype  (F1-:VW+:P+:PCF+) . Such  variants  have  in  the  past 
been  encountered  (22) . 

II.  Investigations  of  chronic  plague  in  rats  and  monkeys. 

As  stated  previously,  chronic  plague  occurs  with  some  frequency 
in  laboratory  rats,  the  actual  frequencies  will  be  known  when  several 
long-term  laboratory  experiments  are  completed.  Of  particular  interest, 
are  experiments  with  non-immune  rats  that  were  infected  with  classical 
plague  bacilli  and  subsequently  treated  with  streptomycin  or  tetracycline 
to  determine  if  either  or  both  drugs  prevent  chronic  infections.  To 
date,  cryptic  plague  has  not  been  found  among  treated  rats. 

Work  on  cryptic  plague  reported  previously  (WRAIR  Annual  Report  for 
1 Jul  74  - 30  Jun  75)  employed  either  the  encapsulated  virulent  Indian 
strain  195/P  of  Y.  pestis  or  nonencapsulated  variants  derived  from  195/P. 


Consequently,  It  has  not  been  certain  if  chronic,  latent  or  cryptic 
plague  is  a peculiar  manifestation  that  follows  infection  only  with  195/P. 
Therefore,  experiments  were  undertaken  with  additional  strains  of  fully 
virulent  Y.  pest is  recently  isolated  from  plague  patients  in  Vietnam 
and  the  USA.  Challenges  were  done,  as  in  past  experiments,  in  a manner 
that  simulated  infection  via  fleabite.  The  rats  challenged  included 
unvaccinated  controls  and  animals  that  had  received  plague  vaccine  USP 
(1  ml  IP  and  0.5  ml  booster  3 weeks  later  and  a month  before  challenge). 

To  date,  four  instances  of  chronic  plague  have  been  detected  in  rats 
infected  with  plague  strains  from  Vietnam  and  four  with  plague  strains 
from  the  United  States  (Table  4),  establishing  that  long-term  plague 
infections  in  certain  Rattus  norvegicus  are  typical  complications  that 
arise  after  infection  with  Y.  pest  is. 


Experiments  designed  to  determine  if  cryptic  plague  occurs  in  Rhesus 
monkeys  vaccinated  with  the  presently  approved  Army  plague  vaccine  USP 
have  been  complete.  None  of  23  monkeys  studied  were  found  to  harbor  plague 
infections  18  months  after  challenge  (Table  5)  or  demonstrate  suspicious 
pathological  indications  of  chronic  disease.  Buboes  noted  in  several 
monkeys  which  persisted  for  a month  after  challenge  had  resolved  completely. 
The  high  resistance  of  Rhesus  monkeys  to  bubonic  plague  as  noted  by  other 
investigators  (6,14)  was  demonstrated  dramatically . Although  at  least 
75%  of  the  monkeys  in  the  195/P  group  responded  serologically  to  infection 
(Table  5),  only  a single  death  occurred.  Also,  none  of  the  monkeys 
challenged  with  the  nonencapsulated  plague  strain  CPS-2a  died.  Serological 
criteria  to  establish  infection  were  not  available,  since  the  IHA  and  CF 
tests  currently  employed  at  the  WRAIR  specifically  measure  antibodies  to 
the  capsular  FI  antigen  of  Y.  pestis . 

In  view  of  the  naturally  high  resistance  of  Rhesus  monkeys  to  plague, 
conclusions  about  the  probability  of  cryptic  plague  in  man  from  experiments 
with  this  monkey  are  impossible.  More  definitive  evidence  for  or  against 
such  possibilities  must  await  experiments  in  more  susceptible  primates. 

III.  Discontinuous  polyacrylamide  gel  electrophoresis. 

Discontinuous  polyacrylamide  gel  electrophoresis  suitable  for 
epidemiological  investigations  of  plague  (12)  also  appears  useful  for 
investigations  of:  (1)  atypical  plague  strains  to  determine  antigenic 
differences  from  typical  Y.  pestis , (2)  immune  responses  to  plague 
infection  to  help  establish  how  chronic  infections  differ  from  typical 
plague,  (3)  vaccines  or  diagnostic  reagents  produced  by  various  methods 
or  at  different  times,  and  (4)  the  bacteriology  of  Y.  pestis . In  the 
period  covered  by  this  report,  a system  of  discontinuous  gel  electrophoresis 
(as  established  by  Dr.  Joel  Dalrymple,  WRAIR)  was  tested,  and  is  presently 
being  utilized  in  the  areas  of  research  mentioned  above. 


In  brief,  the  system  utilizes  polyacryiamide-SDS  slab  gels  in  a 
Bio-Rad  Model  220  slab  unit.  Extracts  of  acetone  powders  of  _Y.  pestis 
or  other  sample  materials  are  applied  to  3.6%  polyacrylamide  stacking 
gels  of  pH  6.7  over  10%  polyacrylamide-SDS  separation  gels  of  pH  9.3. 
Replicate  slab  gels  are  electrophoresed  at  a constant  current  of  40  ma 
for  approximately  5 hours.  The  gels  are  then  stained  with  Commassie 
Blue  stain,  destained  in  methanol-acetic  acid  solutions  and  photographed. 
Gels  are  scanned  with  a densitometer  to  quantify  the  patterns  obtained 
by  electrophoresis,  and  the  data  obtained  thereby  are  subjected  to  analysis 
of  variance,  using  a randomized  complete-block  design,  to  statistically 
establish  differences  among  the  sample  materials  under  study. 

The  technique  has  now  been  used  to  advantage  in  an  examination  of 
plague  strains  isolated  between  1972  and  1974  in  the  Bojolali  Regency 
of  Central  Java.  Strains  from  this  mountainous  region  demonstrate  a 
heavy  band  (// 3 in  our  system)  not  always  present  in  plague  strains  that 
have  been  isolated  in  nearby  lowland  areas.  Six  plague  strains  isolated 
in  1972  at  Bojolali  had  band  #3,  as  did  a strain  obtained  in  1974.  How- 
ever, a plague  strain  isolated  late  in  1973  was  distinctly  different  in 
that  band  #3  was  absent  (Figure  6).  Either  Y.  pestis  lacking  band  #3 
do  occur  with  some  frequency  in  the  mountains  of  Bojolali,  in  which 
case  this  constitutes  a first  observation,  or  the  Y.  pestis  strain 
isolated  in  1973  was  imported  from  an  active  but  unrecognized  plague 
focus  in  the  lowlands.  In  either  case,  the  epidemiology  and  ecology  of 
plague  in  Central  Java  appears  to  be  somewhat  more  complicated  than 
expected.  New  isolates  in  the  United  States  and  elsewhere  will  be 
examined  by  this  electrophoresis  technique  to  determine  likely  geographic 
sources  of  infection. 

An  investigation  designed  to  compare  the  serologicax  responses  in 
rats  infected  with  aberrant  _Y.  pestis  with  those  in  rats  infected  with 
plague  bacilli  of  classical  or  aberrant  phenotype  has  been  started. 

Pilot  experiments  to  obtain  baseline  information  for  infection  with 
typical  Y.  pestis  strain  195/P  have  revealed  that  plasmas  collected  pre- 
infection and  from  moribund  rats  give  amazingly  different  electrophoretic 
profiles.  Antibody  patterns  will  be  studied  in  the  coming  year. 

Discontinuous  gel  electrophoresis  was  also  most  useful  in  comparisons 
of  fraction-1  (FI)  preparations  produced  in  various  nations  for  diagnostic 
tests  to  detect  plague  antibody  (Table  6). 

IV.  Bacteriological  studies. 

Previous  studies  (Annual  Report,  1976)  demonstrated  the  action  of 
the  standard  Y.  pestis  "H"  and  the  Y.  pseudo tuberculosis  "IV"  phages 
on  various  strains  of  Yersinia  at  different  temperatures.  The  studies 
showed  incomplete  lysis  in  a large  number  of  strains.  Further,  temperature 
was  a definite  factor  involved  in  the  specificity  of  the  lytic  reaction. 
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This  report  concerns  the  activity  of  rough  specific  bacteriophages 
of  the  Enterobacteriaceae  on  the  plague  bacillus.  This  extended  test 
system  may  provide  valuable  data  for  the  development  of  an  epidemiologically 
sound  method  of  fingerprinting  and/or  typing  Y.  pest is. 

Several  studies  have  been  conducted  on  the  nature  of  smooth  (S) 
and  rough  (R)  forms  of  Y.  pestis  (7,8,9,10,11).  The  general  conclusion 
is  that  the  plague  bacillus  exists  worldwide  as  a heterologous  mixture 
of  S and  R variants,  with  the  S forms  in  predominance.  Since  the  above 
investigators  were  restricted  to  visual  observation  only:  (1)  the  purity 
of  a given  R strain  could  not  be  guaranteed;  (2)  attempts  to  distinguish 
S and  R antigenic  components  were  inconclusive;  (3)  S dissociations 

could  be  possibly,  a result  of  environment;  (4)  virulence  could  not  be 
based  upon  the  S and  R classifications  then  available.  There  seems  to 
be  a question  as  to  whether  true  R variants  exist  in  Y.  pestis  as  in 
other  Enterobacteriaceae. 

By  contrast,  the  R forms  of  Salmonellae  are  well  characterized. 

Of  special  interest  are  the  rough  specific  bacteriophages  of  j5.  typhimurium 
and  other  enterics.  Not  only  can  the  lack  of  the  0 (somatic)  antigen 
be  detected  by  this  unique  series  of  phages  but  mutants  affected  in 
specific  sugars,  enzymes,  etc.  in  their  LPS  synthesis  can  be  pinpointed. 

The  application  of  these  phages  to  Y.  pestis  could  possibly  resolve  some 
of  the  difficulties  mentioned  above.  Also,  the  phage  action  could 
determine  whether  strains  of  Y.  pestis  can  be  divided  into  specific  groups 
leading  to  a practical  and  useful  typing  scheme. 

Screening  studies.  Seventy-five  plague  strains  (31  morphologically 
R;  34,  a mixture  of  S and  R,  and  10  morphologically  S)  were  tested  for 
lytic  sensitivity  to  6 rough  specific  enteric  bacteriophages  (B^,  Ffm, 

^21’  ES18,  and  BR60)  (20).  The  cultures  were  streaked  on  blood 

agar  or  Brain  Heart  Infusion  agar  plates  (BHIA)  and  incubated  at  28°C 
for  48  hours.  They  were  then  inoculated  into  3 sets  of  peptone  broths 
and  were  incubated  at  22°C,  28°C,  and  37°C,  respectively  for  24  hours. 

The  plague  strains  were  then  swabbed  onto  BHIA  plates  and  the  test 
phages  with  titers  of  10®  plaque  forming  units  (PFU)  per  ml  were  applied 
using  1 ml  glass  syringes  fitted  with  25  gauge  needles.  The  results  of 
the  sensitivity  patterns  of  the  preliminary  tests  are  shown  in  Table  7. 

Table  7 shows  that  phage  sensitivity  was  evident,  especially  among 
phages  6SR  and  BR60  at  22°C.  Overall,  the  heterogeneous  nature  of 
Y.  pestis  as  reported  by  Eisler  was  confirmed  by  the  inconsistent  patterns 
of  sensitivity.  For  example,  the  visually  S strains  appeared  to  be  as 
sensitive  as  the  R ones.  A further  analysis  (Table  8)  shows  that  most 
of  the  phage  action  on  the  S strains  was  marked  by  scattered  individual 
plaques:  thus,  only  a small  percentage  of  the  whole  Y.  pestis  population 
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was  sensitive  to  lysis.  Occasional  mutants  deficient  in  some  form  of 
LPS  synthesis  may  have  been  pinpointed  by  the  bacteriophages.  Similarly, 
morphologically  R strains  may  not  be  entirely  R by  chemical  analysis: 
their  colonial  appearance  might  be  due  to  environmental  influences. 

As  suggested  by  the  poor  phage  receptivity  in  the  S-R  class,  this  group 
may  consist  of  more  uniformly  S cells  than  either  the  R or  S classes. 

It  is  permature  to  draw  conclusions  but  the  development  of  an  experimental 
system  that  selects  for  R variants  may  lead  to  consistent  antigenic 
differentiation  of  Y.  pestis  cells  by  specific  bacteriophages. 

Interaction  of  the  enteric  phages  and  the  plague  bacillus.  The  high 
incidence  of  variability  shown  in  Table  7 brought  into  focus  the  questions 
of  the  fate  of  the  enteric  phages  in  Y.  pestis  and  the  possibility  of 
broadening  their  host  ranges. 

The  morphologically  R Y.  pestis  strain  DF1  (deficient  in  FI  production) 
was  selected  as  the  host  for  further  study.  Six  BHIA  plates  were  swabbed 
with  24  hr  broth  cultures  of  DF]  and  enteric  R phages  were  applied 
separately  to  each  plate.  They  were  incubated  at  the  most  favorable 
temperature  (22°C)  for  24  hours.  Phages  B^,  6SR,  and  BR60  rapidly 
produced  large  lytic  zones.  Ffm  formed  plaques  after  5 days.  However, 
both  C21  and  ES18  failed  to  produce  plaques  on  DF1  throughout  a 10  day 
observation  period.  Plaques  were  aseptically  cut  from  the  agar  and 
placed  in  sterile  broths.  The  phages  were  cultivated,  reisolated  from 
the  plaques,  and  again  propagated  on  DF1  to  a titer  of  10^  PFU/ml . The 
efficiency  of  plating  (EOP)  for  the  4 passaged  phages  grown  either  on 
DF1  or  J5.  typhimurium  are  shown  in  Tables  9 and  10. 

No  significant  restrictions  by  j5.  typhimurium  were  evident  (EOP-1) 
with  B^,  6SR,  and  BR60  phages  grown  on  DF1.  However,  Ffm  propagated 
on  DF1  was  restricted  by  its  original  host  j>.  typhimurium  (the  universal 
host  of  these  rough  specific  enteric  phages).  This  may  be  true  only  for 
DF1  since  j>.  typhimurium  did  not  restrict  Ffm  when  it  was  grown  on 
another  R plague  strain  (EXlMl). 

None  of  the  phages  grown  on  j>.  typhimurium  were  restricted  by  DF1 
at  22°C  but  there  is  some  evidence  of  restriction  by  DF1  at  28°C. 

Therefore,  many  of  the  token  and  turbid  plaques  shown  in  Table  8 probably 
reflect  restrictions  of  j>.  typh imurium  propagated  phages.  Further 
support  for  this  conclusion  came  from  the  phages  grown  on  DF1  (Table  9), 
which  when  applied  to  plague  cells,  caused  complete  lysis. 

Hosts  for  the  propagation  of  rough-specific  enteric  bacteriophages 
in  Y.  pestis  should  be  selected  with  some  judgment.  One  rough-specific 
phage,  Ffm,  became  greatly  reduced  in  specificity  for  its  original  host, 

S.  typhimurium  following  a single  passage  in  the  Y.  pestis  R strain  DF1. 
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However,  as  a result  of  this  passage,  Ffm  became  more  specific  for  the 
R characters  present  in  the  Y.  pestis  strain.  Further  studies  with 
rough-specific  phages  should  prove  valuable  in  detecting  other  factors 
involved  in  the  cell  wall  complex  of  pestis . The  above  preliminary 

studies  are  most  promising;  the  interesting  finding  of  the  adaptation 
of  an  R-specific  phage  to  an  R strain  of  Y.  pestis  could  be  significant 
in  developing  a useful  and  practical  typing  scheme. 

V.  Killed  plague  vaccines. 

The  USP  vaccine  approved  for  use  by  the  Army  is  prepared  from  the 
highly  virulent  strain  195/P  and  special  laboratory  facilities  are 
required  for  its  production.  At  present,  there  is  only  one  source 
producing  the  vaccine.  In  an  emergency  or  catastrophic  situation,  it 
would  be  extremely  difficult  to  rapidly  replace  or  supplement  this  source 
of  supply.  Therefore,  alternatives  have  been  considered.  Experiments 
were  conducted  with  several  experimental  lots  of  killed  vaccine  prepared 
with  avirulent,  encapsulated  strains  of  the  plague  bacillus  (ATCC  11953 
and  EV76S)  by  the  Department  of  Biologies  Research,  WRAIR.  Vaccines 
were  prepared  by  methods  used  for  the  approved  USP  vaccine  in  compliance 
with  FDA  regulations  for  IND.  Three  standard  potency  assays  were  performed 
to  compare  the  experimental  vaccines  with  various  lots  of  USP  vaccine, 
and,  without  exception,  the  experimental  vaccines  were  of  greater  potency 
in  mice  than  lots  of  USP  vaccine  (Table  11).  Thus,  killed  plague  vaccines 
prepared  from  encapsulated  but  avirulent  Y.  pestis  are  promising  and 
probably  can  be  developed  to  equal  or  exceed  in  efficacy  the  currently 
used  USP  vaccine.  If  required,  the  production  of  such  a vaccine  could 
be  effected  with  fewer  technical  difficulties,  since  by  using  avirulent 
rather  than  virulent  organisms  in  manufacturer  large  class  3 facilities 
would  not  be  required. 

VI.  Diagnostic  reagents. 

In  the  past  year,  an  effort  has  been  made,  in  collaboration  with 
WHO  to  standardize  FI  antigen  preparations  used  in  serological  tests 
for  plague  antibody,  and  to  compare  indirect-hemagglutination  (IHA) 
test  procedures  now  in  use.  FI  antigen  preparations  from  the  USA,  USSR, 
and  South  Africa  were  tested  concurrently  (Table  6).  The  electrophoretic 
migrations  of  these  substances  by  discontinuous  polyacrylamdide-SDS  gel 
electrophoresis  were  identical,  and  all  gave  essentially  equal  results  in 
CF  and  IHA  test  systems.  Furthermore,  all  FI  antigens  demonstrated  mouse 
50%  protective  doses  ranging  within  1-10  yg  FI  per  mouse.  No  consistent 
or  significant  differences  were  found  among  the  FI  preparations.  Although 
additional  testing  is  in  progress,  information  gathered  so  far  indicates 
that  the  FI  antigens  produced  in  the  USA,  the  USSR,  and  South  Africa  are 
identical,  and  results  of  serological  tests  employing  these  preparations 
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of  FI  should  measure  the  same  antibodies.  To  this  conclusion,  a comparison 
of  IHA  test  procedures  employed  in  the  USA  and  the  USSR  added  credence . 
Diagnostic  test  procedures  and  materials  from  the  USSR  were  tested  side- 
by-side  with  the  system  used  at  the  WRAIR,  and  a freeze-dried  control 
serum  of  high  stability  was  sent  to  the  CDC  plague  laboratory  in  Fort 
Collins,  Colorado,  for  testing.  Results  showed  that  the  test  materials 
and  procedures  employed  at  WRAIR,  CDC  and  USSR,  are  essentially 
identical.  Thus,  serum  titers  of  IHA  antibody  reported  by  these  laboratories 
are  directly  comparable. 

Attempts  to  utilize  other  antigens  of  Y.  pestis  for  diagnostic 
reagents  in  serological  tests  to  detect  aberrant  plague  infections, 
have  continued.  Polyside  preparations,  utilized  by  French  investigators 
(Institute  Pasteur,  Paris),  have  been  prepared  for  this  purpose. 

VII.  Miscellaneous  studies. 

In  cooperation  with  the  CDC  Plague  Branch,  Fort  Collins,  Colorado, 
an  investigation  is  underway  to  detect  atypical  Y.  pestis  in  naturally 
infected  fleas  and  mammalian  hosts.  Two  objectives  are  being  sought: 

(1)  to  develop  improved  survey  methods  for  the  isolation  of  variant 
Y.  pestis,  and  (2)  to  obtain  further  information  on  frequencies  of 
occurrence  for  the  atypical  Y.  pestis  phenotypes  that  occur  in  the 
western  United  States.  Plague  strains  isolated  from  new  cases  are  also 
under  investigation  to  extend  recent  work  on  virulence  determinants 
and  antibiotic  sensitivities. 

VIII.  Conclusions  and  recommendations. 

Plague  persists  in  essentially  permanent  natural  foci  in  the  western 
United  States.  The  disease  may  be  contracted  "year  round"  through  either 
contact  with  infective  fleas  or  infected  animals.  Laboratory  investigations 
indicate  mechanisms  for  persistence  in  nature  and,  also  forecast  atypical 
situations  that  could  pose  problems  in  diagnosis,  vaccination,  and  therapy. 
Atypical  plague  bacilli,  isolated  from  natural  sources,  provide  some 
confirmation  that  the  above  laboratory  observations  do  occur  in  nature. 
Examinations  of  Y.  pestis  of  classical  and  aberrant  phenotype  by  standard 
laboratory  tests  including  protein  electrophoresis  and  the  rough-specific 
enteric  bacteriophages  promise  to  provide  a better  understanding  of 
epidemiological  patterns  in  nature  and  some  insight  into  the  unknown  areas 
of  the  pathogenesis  of  the  disease. 

The  persistence  of  the  disease;  problems  with  diagnoses  and  therapy; 
failure  of  vaccination  to  prevent  chronic  infection  of  R.  norvegicus ; 
and  an  unpredictable  potential  for  man-to-man  aerogenic  infection 
justifies  continued  study  and  surveillance. 
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Plague  cases  of  probable  svlvatic  origin  reported  in 


Decade 

% 

20-29 

30-39 

40-49 

50-59 

60-69 

70-76 

Cases 

Total 

Arizona 

1 

3 

9 

13 

10 

California 

13 

7 

5 

3 

1 

6 

35 

26 

Colorado 

1 

3 

2 

6 

4 

Idaho 

1 

1 

2 

i 

Nevada 

1 

1 

i 

New  Mexico 

3 

4 

21 

40 

68 

51 

Oregon 

1 

2 

3 

2 

Texas 

1 

i 

1 

Utah 

2 

1 

2 

5 

4 

Cases 

13 

11 

9 

9 

31 

61 

134* 

Z Total 

10 

8 

7 

7 

23 

45 

Cases/yr 

1.3 

1.1 

0.9 

0.9 

3.1 

oo 

Rural 

population 

(thousands) 

624? 

7150 

7939 

74  32 

6981 

6553 

Table  2 


Age  and  sex  distribution  of  sylvatic  plague  cases 
reported  in  the  United  States:  1920-1976. 


Age 

Male 

Female 

Total 

% Total 

0-4 

4 

9 

13 

11 

5-9 

11 

12 

23 

19 

10-14 

17 

13 

30 

25 

15-19 

13 

2 

15 

12 

20-24 

5 

3 

8 

7 

25-29 

5 

2 

7 

6 

30-34 

2 

3 

5 

4 

35-39 

6 

1 

7 

6 

40-44 

- 

- 

- 

- 

45-50 

2 

2 

4 

3 

> 50 

6 

3 

9 

7 

Total 

71 

50 

121 

% of  Total 

59 

41 

100 

r 3 


Table  3.  Persistence  of  plague  infection  in  some  Rattus  norvegicus 
surviving  challenge  with  classical  plague  organisms. 


Immunization  before  challenge 


Living  avirulent  plague  vaccine  (EV) 
Killed  plague  vaccine  (USP) 
Anti-plague  serum  (polyvalent) 


Isolation  of  Yersinia  pestis 


Phenotype 


F1':VW+:P+:PCF+ 


Months  post-challenge 


FI  :VW  :P  :PCF 

F1+:VW+:P+:PCF+ 

F1":VW+:P+:PCF+ 


calcul ated. 
Unvaccin«itcd  control. 


Table  6.  Comparison  of  FI  antigens  from  the  U.S.A. , U.S.S.R.  ( WHO)  and  South  Africa. 


Sensitivity  patterns  of  Ye rslnia  pestls  at  different  temperatures  to  the  rough-specific  phages 
of  various  Enterobacteriaceae . 


Table  8.  Summary  of  lytic  patterns  observed  from  testing  rough-specific  enteric  phages 
(Br2:FFM:  C21:6SR:ES18:BR60)  on  smooth  or  rough  strains  of  Y.  pestis 


of  plating  of  rough-specific  enteric  phages  grown  on  DF1 


Table  11.  Comparison  of  experimental  and  USP  killed  plague 
vaccines  in  mice  for  efficacy. 


Number  Y.  pestis 
tn  challenge 

Vaccine 

Mg. 

nitrogen 
per  ml 

Vaccine  dilution  for 
50%  protective  dose 
(PD5Q)  in  mice 

1,700 

USP  Lot  K9703 

0.36 

1:175 

(214  mouse  LDjq) 

ATCC  11953,  29  Aug  75 
(0.05%  formalin) 

0.34 

1:340 

2,660 

( (985  mouse  LD^) 

USP  Lot  M3793 

0.39 

1:22 

ATCC  11953,  29  Aug 
(0.05%  formalin) 

75 

0.39 

1:210 

EV76S,  11  July  75 
(0.05%  formalin) 

0.39 

1:180 

30,100 

(10,030  mouse  LD^q) 

USP  Lot  M5826 

0.40 

1:5 

ATCC  11953,  29  Aug 
(0.05%  formalin) 

75 

0.40 

1:63 

EV76S,  11  July  75 
(0.05%  formalin) 

0.40 

1:58 

ATCC  11953,  11  Feb 
(0.05%  formalin 

77 

0.40 

1:49 

ATCC  11953,  11  Feb 
(0.65%  formalin) 

77 

0.40 

1:23 

Note:  plague  strain  ATCC  11953  is  strain  A1122. 


Figure  1.  Geographical  distribution  of  plague  of 
probable  sylvatic  origin  in  the  United  States:  1920-1976. 
Grid  coordinates  based  on  "Major  Army,  Navy  and  Air  Force 
Installations  in  the  U.S.",  Map  40-DMATC  Series 
8205,  2-76. 


Figure  2.  Rattus  norvegicus  with  chronic  plague 
infection.  Animal  has  survived  24  months  post 
infection.  At  autopsy,  lesions  contained 
virulent  Y.  pestis. 
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Figure  5.  Plague  purpura  in  patient  surviving 
infectious  phase. 
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25  (U)  76  10-77  09  It  has  been  shown,  using  model  membranes,  that  cholerogen  can 

induce  permeability  changes  on  interaction  with  ganglioside  in  the  absence  of  other 
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A.  Light -Induced  Leakage  of  Spin  Label  Marker  from  Liposomes  in  the 
Presence  of  Phototoxic  Phenothiazines 

Liposomes  prepared  from  dipalamitoyl  lecithin,  cholesterol  and 
dicetyl  phosphate  and  containing  a trapped  spin  label  marker  were  exposed 
to  long  wavelength  UV  light  in  the  presence  of  series  of  phenothiazine 
tranquilizers.  EPR  spectroscopy  was  used  to  detect  spin  label  marker 
released  from  liposomes  taking  advantage  of  the  disappearance  of  line 
broadening  from  electron  spin  exchange  which  occurred  on  spin  label  re- 
lease. The  minimum  effective  phototoxic  dose  in  mice  of  the  phenothia- 
zines was  also  determined.  Kinetic  studies  of  light- induced  spin  label 
release  from  phenothiazine-sensitized  liposomes  showed  that  membrane 
damage  was  rapidly  induced  and  that  the  damaging  species  were  short- 
lived. The  damage  process  was  oxygen  dependent  and  could  be  temporar- 
ily prevented  by  cysteamine  or  ct-toeopherol  added  immediately  before 
irradiation.  Only  those  phenothiazines  which  mediated  light -dependent 
liposomal  membrane  damage  had  phototoxic  activity  in  mice  and  the  de- 
gree of  photosensitization  was  parallel  in  the  two  systems.  In  both 
photosensitization  phenomena,  the  nature  of  the  substituent  at  the  pheno- 
thiazine 2 -position  was  more  important  than  the  phenothiazine  side 
chain. 


B Effect  of  the  A and  B Protomers  of  Choleragen  on  Release  of  Trapped 
Glucose  from  Liposomes  Containing  or  Lacking  Ganglioside 


Liposomes  containing  trapped  glucose  were  used  to  examine  the  in- 
teraction of  the  A and  B protomers  of  choleragen  with  ganglioside  G^ 
and  lipid  model  membranes.  The  B protomer  (choleragenoid)  was  as 
effective  as  choleragen  in  causing  release  of  trapped  glucose  from  lipo- 
somes containing  Gw-i;  the  A protomer  did  not  release  glucose  from  GM1 
liposomes.  Neither  choleragen  nor  the  A or  B protomers  caused  release 
of  trapped  glucose  from  glycolipid-free  liposomes.  Anti -choleragen  and 
complement,  however,  caused  release  of  trapped  glucose  from  ganglio- 
side-free  liposomes  previously  incubated  with  the  A protomer  but  not 
from  those  incubated  with  the  B protomer  or  choleragen.  These  results 
suggest  that  the  A protomer,  but  not  intact  choleragen  or  B protomer, 
bound  to  ganglioside-free  liposomes.  Presumably  , the  A protomer 
must  be  freed  of  the  constraints  present  in  the  intact  choleragen  in  order 
to  interact  with  the  liposomal  model  membrane  system. 
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C.  Choleragen-mediated  Release  of  Trapped  Glucose  from  Liposomes 
Containing  Ganglioside  G^ 

125i_ Labeled  choleragen  was  bound  to  liposomes  containing  galactosyl - 
N - ac  etylgalactosam  inyl  - (N  - ac  etylneuram  inyl)  -galactosylglucosylc  era  - 
mide  (G  Ml  ),  but  not  in  large  amounts  to  ganglioside-free  liposomes 
nor  to  those  containing  N-acetylneuraminylgalactosyglucosylceramide 
(G^J  N-ac  etylgalactosam  inyl  Nacetylneuraminyl)  galactosylglucosylcera- 
mide (G^2  ) or  N-aceylneuraminylgalactosyl-N-acetylgalactosaminyl-1 
Nacetylneuraminyl)  galactosylglucosylceramide  (GDla).  Choleragen  re- 
leased trapped  glucose  only  from  Gf^  -liposomes.  This  choleragen-in- 
duced  glucose  released  fromG^-j  -liposomes  was  relatively  rapid  for  the 
first  few  minutes,  then  continued  more  slowly.  The  amount  of  glucose 
released  from  liposomes  in  30  min  was  dependent  on  both  the  G mi 
content  and  choleragen  concentration.  Prior  incubation  of  G Mi-lipo- 
somes with  anti -G mi  antiserum  prevented  the  choleragendependent  re- 
lease of  trapped  glucose.  After  incubation  of  G mi  -liposomes  with  cho- 
leragen, addition  of  anti-choleragen  antibodies  and  complement  led  to 
more  extensive  glucose  release.  Under  these  latter  conditions  a much 
smaller  glucose  release  was  observed  also  from  liposomes  containing 
G Mior  N-ac  etylneur  aminylgalactosyl  -N  - ac  etylgalactosam  inyl  - (N  - ac  e - 
tylneuraminyl) -galactosylglucosylceramide  in  the  absence  of  choleragen. 
These  releases  were  attributed  to  naturally- occurring  antiganglioside 
antibodies  in  the  antiserum  and  complement.  Ganglioside-free  liposomes 
did  not  release  glucose  in  response  to  anticholeragen  and  complement. 
It  appears  that  choleragen  in  the  absence  of  other  proteins  binds  speci- 
fically to  liposomes  containing  GM,  and  can  induce  permaeability  chang- 
es. 


D.  Uptake  of  Ganglioside  G m]  into  Preformed  Liposomes,  and  Comple- 
ment-Dependent Glucose  Release  in  the  Presence  of  Anti-G^iof 
anti-choleragen. 


The  monos ialoganglioside  G^i  » which  is  the  cell  surface  receptor 


for  choleragen  (cholera  toxin),  was  taken  up  by  preformed  liposomes 
(containing  lecithin,  cholesterol,  and  dicetyl  phosphate).  Excess  G^i  , 
was  removed  by  centrifuging  the  liposomes.  Uptake  was  monitored  by 
incorporation  of  ( ^H)-CL-|  binding  of  ( 125i) -choleragen,  or  release  of 
trapped  glucose  by  the  addition  of  anti-GM  antibodies  plus  complement 
or  choleragen,  anti-choleragen,  and  complement.  G uptake  was  greater 
at  45  C than  at  25  C and  at  18  hr  than  at  15  min.  Uptake  was  similar 
with  liposomes  containing  either  dimyristoyl  or  dipalmitoyl-lecithin. 
Of  the  immunochemical  methods,  the  choleragen-anti-choleragen  assay 
was  found  to  be  much  more  sensitive  than  the  Anti-  G^i  assay  for  de- 
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tecting  small  amounts  of  GM1  in  liposomes.  Presumably,  this  was  because 
choleragen,  unlike  C^,  is  !a*  multivalent  antigen  and  may  have  bound  more 
antibodies,  resulting  in  greater  complement  fixation  and  glucose  release. 

We  conclude  that  G,,-,  can  be  absorbed  in  large  amounts  by  preformed 
liposomes.  Incorporation  of  the  ganglioside  can  be  detected  by  comple- 
ment-dependent glucose  release  in  the  presence  of  choleragen  and  anti- 
choleragen  or,  with  less  sensitivity,  in  the  presence  of  anti-G  anti- 
bodies. ™ 

E.  Interactions  of  C -Reactive  Protein  and  Complement  with  Lipo- 
somes. 

C-reactive  protein  (CRP)  has  phosphorylcholine  binding  specificity. 
Incubation  of  CRP  with  liposomes  containing  dimyristoylphosphatidyl 
choline,  cholesterol,  stearylamine  (to  provide  a strong  positive  charge), 
and  galactosylceramide,  resulted  in  complement -dependent  release  of 
trapped  glucose.  Glucose  release  was  inhibited  by  soluble  phosphoryl- 
choline. Liposomes  either  having  a negative  charge,  or  lacking  galac- 
tosylceramide, did  not  release  glucose,  even  though  hemolytic  comple- 
ment was  fixed.  Damage  to  liposomes  did  not  occur  in  the  presence 
of  EGTA,  or  in  the  presence  of  C2-  or  C7-  deficient  human  serum,  but 
did  occur  when  these  deficient  sera  were  combined. 

CRP  caused  consumption  of  hemolytic  complement  in  the  presence 
of  liposomes  containing  egg  phosphatidylcholine,  and  this  occurred 
whether  the  liposomes  had  a positive,  neutral  or  negative  charge, 
or  whether  they  contained  or  lacked  a galactosylceramide.  These  inter- 
actions with  CRP  resulted  in  consumption  of  each  of  the  first  four 
complement  components. 

We  conclude  that  liposomes  may  be  useful  as  models  for  studying 
CRP  complement  interactions  with  membranes.  CRP  can  bind  to  liposom- 
es, causing  classical  pathway  complement  activation  which  may,  or  may 
not,  result  in  membrane  damage;  these  effects  are  influenced  by  the 
membrane  lipid  composition. 

F.  Interactions  of  Plant  Lectins  with  Glycolipids  in  Liposomes 

A panel  of  five  plant  lectins  with  different  binding  specificities 
was  used  to  determine  if  plant  lectins  could  bind  specifically  to  mem- 
brane associated  glycolipids.  Ricinis  communis  and  wheat  germ  agglu- 
tinins both  bound  specifically  to  mixed  brain  gangliosides  and  globoside 
I from  human  erythrocytes.  Wheat  germ  agglutinin  also  bound  to  gang- 
lioside Gjvn  and  human  erythrocyte  ceramide  trihexoside,  but  not  to 
ceramide  aihexoside,  mono-,  or  digalactosyl  diglycerides.  Concanava- 
lin  A bound  to  liposomes  with  or  without  glycolipid  substiuents,  and 
this  binding  was  partially  inhibited  by  a-methyl  mannoside.  This  study 
indicates  that  lectins  can  specifically  recognize  and  bind  to  certain  gly- 
colipids in  membranes. 


G.  Immune  Reactivities  of  Antibodies  Against  Glycolipids 
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A new,  simple  technique  is  described  for  purifying  specific  anti- 
glycolipid  (galacatocerebroside)  antibodies  from  antiserum.  The  anti- 
bodies first  were  absorbed  to  galactocerebroside-containing  liposomes 
and  then  were  recovered,  after  washing  the  liposomes,  by  elution  with 
1M  Nal,  or  by  extraction  with  saline-chloroform  mixture.  Depending 
on  the  antiserum  used,  this  procedures  resulted  in  approximately  a 17  5- 
fold  to  3800 -fold  purification  of  antibodies  from  whole  serum  when  cal- 
culated. on  an  activity/protein  basis.  The  antibodies  were  tested  for 
activity  by  means  of  complement -dependent  glucose  release  from  sepa- 
rate galactocerebroside  containing  indicator  liposomes . It  was  found  that 
the  hydrophobic  portions  both  of  the  galactocerebroside  and  the  sur- 
rounding phospholipids  had  an  influence  on  antibody  binding.  The  rela- 
tive anti-galactocerebroside  activity,  as  determined  by  liposomal  glu- 
cose release,  was  directly  related  to  the  galactocerebroside  fatty  acyl 
chain  length.  This  suggested  that  the  presence  of  a longer  fatty  acyl 
chain  in  the  glycolipid  molecule  made  the  carbohydrate  more  accessible 
to  binding  with  specific  antibody.  Furthermore,  the  degree  of  adsorption 
of  antibody  activity  from  the  antiserum  was  progressively  decreased 
when  the  hydrophobic  region  of  the  phospholipid  membrane  was  increas- 
ed due  to  the  presence  of  phospholipids  containing  progressively  longer 
fatty  acids.  These  results  were  consistent  with  the  hypothesis  that  under 
certain  conditions  the  immunologically -active  group  on  galactocerebro- 
side may  be  partially  "buried"  in  the  phospholipid  bilayer  and  may  be 
less  available  for  antibody  binding. 

With  certain  antisera,  the  antibodies  eluted  from  liposomes  having 
longer  phospholipid  fatty  acids  (distearoyllecithin)  had  higher  avidity  for 
galactocerebroside  than  did  those  from  liposomes  having  shorter  phos- 
pholipid fatty  acids  (dimyristoyllecithin) . In  contrast,  a long  fatty  acyl 
chain  of  galactocerebroside  (lignoceroyl  galactocerebroside)  resulted 
in  eluted  antibodies  having  a lower  avidity  than  when  a shorter  glycolipid 
(stearoyl  or  palmitoyl  galactocerebroside)  was  used.  It  was  thought  that 
that  these  results  were  caused  by  preferential  binding  of  high  affinity 
antibodies  under  conditions  in  which  binding  was  partially  hindered  due 
to  steric  conditions. 

Specific  antibodies  against  ceramide-monohexoside  (CMH),  cera- 
mide  dihexoside  (CDH)  and  ceramide  trihexoside  (CTH)  were  purfied 
from  antiserum  or  normal  (unimmunized)  rabbit  serum  by  using  lipo- 
somes as  immunoadsorbents.  Purified  antibodies  were  compared  with 
whole  antiserum,  or  immunologically  reactive  normal  rabbit  serum, 
for  specific  activity  against  the  immunizing  antigen,  and  cross-reacti- 
vity with  the  other  haptens.  High  levels  of  reactivity  and  reciprocal 
cross -reactivity  were  observed  both  with  antisera  and  purified  antibodies 
against  CMH  and  CDH.  In  contrast,  although  anti-CMH  and  anti-CDH 
sera  both  apparently  "cross -reacted"  with  CTH,  the  purified  antibodies 
in  each  case  did  not  have  any  detectable  cross -reactivity  with  CTH. 
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Conversely,  anti-CTH  antiserum  apparently  "cross -reacted"  with  CDH, 
whereas  purified  antibodies  did  not.  It  was  concluded  that  rabbit  anti- 
serum sometimes  may  contain  naturally -occurring  antibodies  against  gly- 
cosphingolipid,  and  these  maybe  eliminated  by  using  purified  non-cross - 
reacting  antibodies.  Naturally-occurring  antibodies  against  CDH  and 
CTH,  but  not  against  CMH  were  found  in  10  normal  rabbit  sera.  Purified 
naturally  occurring  anti -CDH  antibodies  obtained  from  one  of  these 
rabbits  did  not  cross-react  with  CTH,  but  purified  anti-CTH  from  the 
same  rabbit  did  cross-react  with  CDH. 

Pools  of  "high  activity"  or  "low  activity"  anti-CMH  antibodies  were 
obtained  from  a single  rabbit  by  using  antisera  taken  at  different  times 
in  the  immunization  schedule.  These  antibodies  were  tested  for  activity 
against  CMH  and  CDH  (both  having  a terminal  B-galactose),  and  CTH 
and  digalactosyl  diglyceride.  Based  on  this  it  was  concluded  that  ano- 
meric  configuration  alone  did  not  necessarily  determine  specificity  of 
purified  antibodies.  In  contrast,  the  low  activity  antibodies,  in  quantities 
which  gave  the  same  high  degree  of  reactivity  with  the  immunizing  anti- 
gen observed  with  high  activity  antibodies,  showed  only  very  low  levels 
of  cross  reactivity  with  either  CDH  or  digalactosyl  diglyceride.  It  was 
concluded  further,  therefore,  that  cross -reactivity  may  depend  to  some 
extent  on  relative  antibody  activity  (which  may  be  related  to  antibody 
affinity)  against  the  immunizing  antigen. 

H.  Cholesterol -dependent  Human  Complement  Activation  Resulting 
in  Damage  to  Liposomal  Model  Membranes 

Human  (but  not  guinea  pig)  complement  was  activated  spontaneously 
by  liposomes  containing  a high  concentration  (71  mol  %)  of  cholesterol. 
This  occurred  in  the  absence  of  any  recognizable  antigen  or  antibody, 
and  did  not  occur  at  a low  concentration  (43  mol  %)  of  cholesterol. 
Activation  of  complement  resulted  in  membrane  damage  and  release 
of  trapped  liposomal  glucose.  The  complement  activity  was  inhibited 
by  preheating  (56  C,  30  min),  10  mM  Mg  EDTA  or  EGTA,  and  by 
prior  absorption  with  insoluble  immune  complexes.  Almost  all  human 
sera  had  some  reactivity,  but  it  ranged  from  very  low  levels  ( 7% 
liposomal  glucose  release)  to  very  high  levels  ( 50%  glucose  release). 
Complement  activation  appeared  to  be  mediated  by  a serum  factor  which 
could  be  removed  by  adsorption  and  which  was  partially  heat  labile.  The 
factor  was  transferred  by  adding  heated  high  reacting  human  serum  to 
unheated  low  reacting  human  serum,  or  to  guinea  pig  serum.  The  serum 
factor  although  quantitatively  diminished  in  potency  due  to  heat  lability, 
caused  equal  activation  of  each  of  these  two  latter  complement  sources 
in  the  presence  of  high  cholesterol  liposomes.  It  did  not  cause  activation 
of  C4-deficient  guinea  pig  complement.  These  data  suggest  that  the  clas- 
sical complement  pathway  was  activated.  The  liposomal  membrane  com- 
position had  an  influence  on  this  phenomenon.  Activities  of  about  half 
of  the  human  sera  were  enhanced  when  galactosylceramide,  or  ceramide 
alone  was  present  in  the  liposomes.  Activity  was  enhanced  by  longer  fatty 
acyl  chain  lengths  of  lecithin  when  dimyristoyl-dipalmitoyl  , or  distea- 


royllecithin  was  employed  in  the  liposomes.  Liposomes  containing 
sphingomyelin  as  the  only  phospholipid  were  not  sensitive  to  cholesterol- 
dependent  complement -mediated  damage.  It  was  concluded  that  human 
complement  was  activated  in  the  presence  of  high  concentrations  of 
membrane  cholesterol  and  that  this  was  caused  by  an  uncharacterized 
serum  factor  and  was  influenced  by  the  lipid  composition  of  the  mem- 
brane. 
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23  (U)  To  define  the  epidemiology  of  hepatitis  in  military  populations  in  order  to 
establish  methods  for  reducing  disability  from  hepatitis.  Emphasis  is  on  developing 
and  applying  sensitive  and  specific  methods  for  detection  of  hepatitis  viruses  - anti- 
gens and  antibodies  to  determine  host  factors  important  in  resistance  to  disease  and 
infection  in  military  personnel. 

24  (U)  New  methods  for  identification  and  antigenic  analysis  of  hepatitis  viruses  are 
under  development.  The  immune  response  of  patients  infected  with  hepatitis  viruses 
is  studied  to  define  sensitive  parameters  of  infection  and  to  define  factors  critical 
in  immunity.  The  epidemiology  of  hepatitis  B in  military  populations  is  defined. 

25  (U)  76  10  - 77  09  A search  was  made  for  a source  of  antigen  and  antibody  to  use  for 
the  development  of  an  assay  for  hepatitis  A virus.  An  epidemic  of  hepatitis  A at  Ft. 
Richardson,  Alaska  was  investigated  in  collaboration  with  the  Division  of  Preventive 
Medicine,  WRAIR.  A child  care  center  on  post  was  implicated  as  the  principal  source 

of  infection.  Four  adults  were  plasmapheresed  to  obtain  large  volumes  of  hepatitis  A 
antibody.  Human  fecal  specimens  were  collected  from  cases  of  recent  onset  and  asymp- 
tomatic family  contacts  of  cases  in  order  to  obtain  antigen.  Fecal  samples  were  tested 
for  antigen  using  a solid  phase  radioimmune  assay  and  the  human  immune  plasma.  Only 
two  samples  from  one  individual  were  reactive  as  antigen.  Another  source  of  hepatitis 
A antigen  is  being  sought.  For  technical  report,  see  Walter  Reed  Army  Institute  of 
Research  Annual  Progress  Report,  1 Jul  76  - 30  Sep  77. 
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[Description 

To  define  the  epidemiology  of  hepatitis  in  military  populations  in 
order  to  establish  methods  for  reducing  disability  from  hepatitis.  Empha- 
sis is  on  developing  and  applying  sensitive  and  specific  methods  for  detec- 
tion of  hepatitis  viruses/antigens  and  antibody  to  determine  host  factors 
important  in  resistance  to  disease  and  infection. 


Progress 

I.  Hepatitis  A Virus 

A.  Acquisition  of  Materials  for  Studying  Hepatitis  A Virus 

1 . Background 

Between  August  1976  and  February  1977,  an  epidemic  of  Hepatitis 
A involving  at  least  111  people  occurred  at  Ft.  Richardson,  Alaska.  The 
epidemic  was  investigated  by  an  EPICON  team  from  the  WRAIR  led  by  LTC 
Michael  Benenson,  Division  of  Preventive  Medicine.  Epidemiological 
investigation  revealed  that  most  cases  of  hepatitis  occurred  in  married 
couples  who  had  children  attending  the  Child  Care  Center  (CCC)  on  post. 

It  was  concluded  that  hepatitis  A virus  was  probably  introduced  to  the 
CCC,  perhaps  by  an  adult,  and  transmitted  through  close  contact  to  the  chil 
dren,  who  subsequently  infected  their  parents.  A complete  review  of  the 
epidemiological  investigation  may  be  found  elsewhere  in  this  annual 
report  under  the  Division  of  Preventive  Medicine. 

The  epidemic  was  considered  to  present  an  unusual  opportunity 
for  the  Department  of  Virus  Diseases  tc  obtain  human  fecal  and  blood 
specimens  and  antibody  (anti-HAV).  Specimens  were  collected  over  a 10- 
day  period  in  December  1976  for  these  purposes. 

2.  Methods 

a.  Collection  of  Specimens 


Other  investigators  have  found  fecal  shedding  of  Hepatitis  A virus 
to  occur  prior  to  the  onset  of  symptomatic  disease.  IgM  antibody 
detectable  by  radioimmunoassay  has  been  found  in  acute  blood  samples 
while  IgG  antibody  detected  by  immune  adherence  hemagglutination  tests 
usually  appears  about  10  days  after  the  onset  of  illness.  Based  upon 
this  information,  specimens  were  collected  in  the  following  manner. 

Daily  fecal  specimens  were  solicited  from  all  family  contacts  of 
acute  cases  who  had  an  onset  of  illness  within  the  preceding  week. 

Fecal  specimens  were  collected  in  unsterile  cardboard  cartons,  labelled 
witn  name  and  date,  placed  in  a plastic  bag,  and  refrigerated  outside 
in  a snowdrift  until  picked  up  for  storage.  Specimens  were  stored  in 
dry  ice  within  36  hours  of  collection  for  transportation  to  the  WRAIR. 
Fecal  specimens  were  obtained  from  three  recent  cases  of  hepatitis  (12 
specimens)  and  15  family  contacts  of  recent  cases  (33  specimens). 

Four  adults  who  had  fully  recovered  from  hepatitis  were  plasmapheresed 
to  obtain  large  quantities  of  immune  plasma  to  use  for  antigen  detection. 
Three  of  the  donors  had  been  found  to  have  anti-HAV  in  serum  samples 
collected  in  November  by  LTC  Benenson  and  tested  by  Dr.  Robert  Purcell, 
NIAID.  Plasmapheresis  was  performed  in  the  blood  bank  of  Elmendorf  AFB 
Hospital.  Two  units  of  plasma  (approximately  300  ml  each)  were  ob- 
tained from  each  of  three  people  and  one  unit  from  the  fourth  person. 

Paired  sera  were  obtained  from  10  cases  of  acute  hepatitis  confirmed 
by  interview  and  biochemical  tests  of  liver  function.  Initial  serum 
samples  were  collected  4 to  19  days  after  the  onset  of  disease.  Complete 
records  of  blood  chemistries  were  also  obtained. 

In  addition,  serum  specimens  were  obtained  from  23  employees  of  the 
Ft.  Richardson  CCC,  26  employees  of  the  Elmendorf  AFB  CCC  and  12  employees 
of  the  Elmendorf  preschool  nursery. 

b.  Characteristics  of  Immune  PI asmas 

The  clinical  histories  of  the  four  plasma  donors  can  be  summarized 
as  follows:  Patient  AK003,  Mr.  C.S.,  was  a 23-year-old  active  duty 
Arrr\y  enlisted  man  who  developed  symptoms  of  fever  on  16  August  followed 
by  nausea,  vomiting,  abdominal  pain,  malaise  and  anorexia.  By  25  August, 
he  was  jaundiced  and  had  dark  urine.  Laboratory  values  on  23  August 
were:  SGOT  1060,  LDH  466,  alkaline  phosphatase  52,  and  bilirubin  3. 5/4. 8. 
On  August,  the  SGOT  was  81,  LDH  93,  alkaline  phosphatase  70  and  bilirubin 
1. 3/2.0. 

Patient  AS005,  Mrs.  S L.,  was  a 27-year-old  Army  dependent  wife  and 
employee  of  the  Ft.  Richardson  CCC  who  developed  symptoms  of  nausea, 
vomiting,  fever,  abdominal  pain,  diarrhea,  and  anorexia  on  23  August  1976. 
Jaundice  appeared  on  2 September.  Laboratory  values  for  30  August  were: 
SGOT  865,  LDH  135,  bilirubin  3. 2/6. 5.  On  24  September,  the  SGOT  was  13 
and  the  bilirubin  was  0.5/1. 3. 
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Patient  AK019,  Mr.  J.H.,  was  a 26-year-old  active  duty  Army  officer 
who  developed  symptoms  of  fatigue,  anorexia,  nausea,  vomiting,  fever 
and  diarrhea  on  19  October  1976.  He  subsequently  developed  jaundice, 
dark  urine  and  light-colored  stools.  Laboratory  values  for  27  October 
were:  SGOT  158,  LDH  102,  alkaline  phosphatase  116,  SGPT  181,  and 
bilirubin  4.3/10.1.  Values  for  3 November  were:  SGOT  60,  alkaline 
phosphatase  106,  SGPT  230  and  bilirubin  0.9/3. 2. 

Patient  AK059,  J.B.,  was  a 29-year-old  dependent  wife  living 
on  Elmendorf  AFB  and  employed  by  the  Ft.  Richardson  CCC.  She  had  the 
onset  of  symptoms  on  20  October  with  headache,  nausea,  vomiting,  fatigue, 
abdominal  pain,  anorexia  and  diarrhea.  Her  laboratory  values  on  27 
October  were  SGOT  101,  LDH  152,  alkaline  phosphatase  140  and  bilirubin 
0. 5/1.0.  The  serological  results  for  the  four  plasma  donors  are  listed 
in  Table  1 . 


c.  Assay  of  Fecal  Samples  for  HAV 

Each  fecal  specimen  was  suspended  in  normal  saline  (20%  w/v), 
mixed  thoroughly  and  centrifuged  at  low  speed.  The  supernate  was 
tested  for  HAV  by  solid  phase  radioimmune  assay  (RIA),  using  the  same 
method  as  is  used  for  the  detection  of  anti-HBc  (annual  report  1976). 
Whole  immune  plasma  was  used  to  coat  the  wells  in  plastic  plates.  The 
IgG  portion  of  plasma  AK005  was  separated  and  radiolabelled  with  to 
use  as  the  outer  layer  of  the  RIA  "sandwich." 

d.  Detection  of  Anti -HAV 

All  tests  for  anti-HAV  in  sera  were  done  by  RIA  inhibition  by 
Dr.  Blaine  Hollinger,  Baylor  University. 

3.  Results 


a.  Detection  of  HAV 

Forty-five  fecal  samples  were  screened  for  reactivity  with  the 
immune  plasmas.  Although  several  specimens  reacted  in  some  tests, 
only  the  stools  from  one  person  were  repeatedly  reactive.  J.S.W., 
a 6-year-old  son  of  a woman  who  developed  acute  hepatitis  on  1 December, 
did  not  become  symptomatic  himself,  but  had  a stool  specimen  on  12 
December  which  reacted  with  the  immune  plasma.  Dr.  Hollinger  tested 
all  five  stool  specimens  from  the  boy  and  found  low  level  antigen  ac- 
tivity in  samples  from  11  and  12  December.  Additional  work  is  needed 
to  improve  the  method  of  purification  of  Hepatitis  A antigen. 

b.  Detection  of  Anti-HAV 

Dr.  Hollinger  found  anti-HAV  in  8/8  people  with  symptomatic  acute 
hepatitis.  Among  asymptomatic  employees  of  the  Ft.  Richardson  and 
Elmendorf  Child  Care  Centers,  the  prevalence  of  antibody  was  15/23 


(65%)  and  15/25  (60%),  respectively.  However,  none  of  8 employees  of 
the  Elmendorf  preschool  had  high  levels  of  anti-HAV.  The  results  suggest 
that  hepatitis  A may  have  been  transmitted  to  personnel  at  the  Elmendorf 
CCC  as  well  as  at  Ft.  Richardson. 


II.  Hepatitis  B Virus 

Work  on  Hepatitis  B virus  was  confined  to  the  detection  of  hepatitis 
B surface  antigen  HBsAg  and  antibody  (anti-HBs)  in  selected  groups  of 
sera  by  commercial  radioimmunoassay  upon  request,  "e"  antigen  and  anti- 
hepatitis  B core  tests  were  done  as  needed  by  standard  procedures. 

In  a collection  of  sera  obtained  from  members  of  Special  Forces 
and  the  82nd  Airborne  Division  deployed  from  Ft.  Bragg,  N.C.  to  Alaska 
in  January  1977,  the  prevalence  of  HBsAg  and  anti-HBs  was  2/273  (0.7%) 
and  41/273  (15%),  repectively.  None  of  the  troops  developed  symptoms 
of  hepatitis  during  one  month  of  follow  up.  Hepatitis  A antibody  tests 
were  not  done  since  all  personnel  had  received  immune  serum  globulin  in 
advance. 


Table  1.  Hepatitis  Test 
Results  for  Four  Donors  of  Immune  Plasma 
Ft.  Richardson,  Alaska,  1976 
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Study  Number 
Patient 

Blood  Sample 

HBV 

Anti 

-HAV* 

No. 

Serum/Plasma 

Date 

HBsAg 

Anti-HBs 

IAHA 

% inhi 

AK003 

C.S. 

EX  217 

P 

13  Dec 

N** 

N 

16000 

AK005 

EX  218 

S 

16  Nov 

N 

N 

£16000 

98 

S.L 

EX  219 

S 

17  Nov 

95 

EX  220 

s 

14  Dec 

N 

£16000 

90 

-- 

p 

16  Dec 

20000 

AK019 

EX  228 

s 

14  Nov 

N 

N 

£.1600 

J.H. 

EX  229 

p 

10  Dec 

N 

4000 

AK059 

EX  265 

s 

15  Nov 

N 

N 

400 

99 

J.H. 

EX  266 

p 

11  Dec 

N 

4000 

98 

* Immune  adherence  hemagglutination  (IAHA)  was  done  by  Dr.  Robert  Purcell, 
NIAID,  NIH.  RIA  inhibition  test  was  done  by  Dr.  Blaine  Hollinger,  Baylor 
University. 


**  N equals  negative. 
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23-  (U)  This  work  unit  is  concerned  with  the  development  of  manufacturing  methods  and 

the  production  of  new  effective  vaccines  for  military  use,  and  with  the  modification 
of  existing  biological  products  to  increase  effectiveness  and  reduce  reactivity,  to 
afford  greater  stability,  and  to  minimize  logistic  requirements. 

24.  (U)  Increased  effectiveness  and  reduced  reactivity  are  pursued  by  use  of  new 

physical  and  chemical  methods  for  processing.  Improvement  in  stability  and  reduction 
of  logistic  requirements  are  achieved  by  application  of  modern  freeze-drying  and 
packaging  techniques. 

25-  (U ) 76  10  - 77  09  * investigations  on  the  development  of  new  and  improved  bio- 

logical products  for  military  use  have  continued.  - 1.  Laboratory  studies  on  meningo- 
coccal vaccines  have  resulted  in  improvement  of  methods  for  the  production  of  a group  B 
protein-polysaccharide  complex  and  the  production  of  purified  polysaccharides  from  Group 
Y and  strains  296  and  135  for  use  as  immunogens.  2.  Two  experimental  lots  of  inacti- 
vated plague  vaccine  have  been  prepared  from  attenuated  strains  for  evaluation  in  ani- 
als.  3.  Studies  on  the  development  of  vaccines  for  dengue  viruses,  types  2 and  3. 
ave  contin-  •).  Work  was  also  initiated  on  the  development  of  a mouse  potency  assay  for 
he  evalua'  on  of  dengue  vaccines.  4.  An  investigation  of  the  stability  of  tableted 
iagnostic  antigen  preparations  was  carried  out.  5.  Studies  on  the  addition  of  iron 
o substandard  lots  of  mucin  to  enhance  the  virulence  of  challenge  suspensions  in  mouse 
otency  assays  for  bacterial  vaccines  have  continued.  For  technical  report,  see  Walter 
eed  Army  Institute  of  Research  Annual  Progress  Report,  1 Jul  76  - 30  Sept  77. 
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Descr i pt ion. 

This  work  unit  is  concerned  with  the  development  of  manufacturing 
methods  for  the  production  of  new  effective  vaccines  for  military  use, 
and  with  the  modification  of  existing  biological  products  to  increase 
effectiveness  and  reduce  reactivity,  to  afford  greater  stability,  and 
to  minimize  logistic  requirements. 


Progress. 


Meningococcal  Vaccines. 


During  the  past  year  laboratory  studies  were  continued  on  the 
development  of  methods  for  the  preparation  of  a protein-polysaccharide 
complex  antigen  derived  from  the  group  B meningococcus  for  possible  use 
in  the  immunization  of  man  against  this  type  of  meningitis.  Investiga- 
tions were  also  continued  on  procedures  for  the  production  of  purified 
polysaccharides  from  the  Boshard  strain  (group  Y)  of  Neisseria  meningi- 
tidis for  use  as  an  immunogen.  In  addition,  studies  were  initiated  on 
N_.  men i ng  i t i d i s strains  29 E-  1 06  and  135-I1X.  for  the  purpose  of  obtaining 
appropriate  polysaccharide  immunogens. 

a.  The  investigations  on  the  production  of  a protein-polysac- 
charide antigen  suitable  for  human  use  prepared  from  the  B- 1 1 strain 
of  hL  men i ng i t i d i s (Annual  Report,  1976)  have  led  to  the  preparation 
of  two  vaccines,  one  produced  by  personnel  of  the  Department  of  Biolo- 
gies Research,  WRAIR  (Lot  PA-3)  and  the  other  by  personnel  of  the  De- 
partment of  Bacterial  Diseases,  WRAIR  (Lot  WZ-2). 

For  both  vaccines,  cultures  of  the  B- 1 1 strain  were  grown 
in  a modification  of  Franz's  medium  in  which  the  casamino  acid  compon- 
ent is  increased  3~foId  and  the  dextrose  concentration  reduced  to  one 
fifth  that  of  the  original  medium  (Annual  Report,  1971)-  With  this 
modified  medium,  a 16  hr  culture  reached  a pH  of  7.6  to  7-8  and 
yielded  a Sharpies  sediment  of  about  90  mg/15  L following  inactivation 
wi  th  Cetavlon. 
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In  the  studies  leading  to  the  production  of  the  Lot  PA-3 
preparation,  a considerable  loss  of  protein  occurred  during  the  various 
processing  steps  if  the  product  was  taken  to  dryness  by  washing  with 
ethanol  and  acetone.  Furthermore,  after  initial  extraction  of  the 
Sharpies  paste  with  1 M CaCl-'ZHjO,  it  was  necessary  to  carry  out  fur- 
ther precipitations  only  witn  a sodium  salt,  since  the  calcium  salt 
tended  to  split  part  of  the  protein  away  from  the  complex.  In  addition, 
in  order  to  assure  that  the  purified  protein-polysaccharide  complex 
would  pass  through  a 0.2  ym  filter,  it  was  necessary  to  first  freeze- 
dry  it  in  an  aqueous  solution.  The  freeze-dried  material  was  then 
weighed,  dissolved  in  water  at  a concentration  of  1 mg/ml,  and  the  final 
sterile  filtration  was  accomplished  without  difficulty. 

Lot  PA-3  was  processed  in  the  following  manner,  using  60 
gm  portions  of  Sharpies  paste.  The  16  hr  cultures,  in  15  L batches, 
were  inactivated  with  Cetavlon,  and  the  sediments  collected  by  Sharpies 
centrifugation  were  extracted  with  1 M CaC^'ZHLO.  After  removal  of 
DNA  with  a final  concentration  of  25%  ethanol,  the  crude  protein-poly- 
saccharide complex  was  precipitated  with  ethanol.  Processing  from  batch 
to  batch  was  reproducible  in  the  end  result  only  if  60  gm  portions  of 
the  Sharpies  paste  were  processed  separately  to  final  products.  The 
parts  can  then  be  combined  for  the  final  sterile  filtration.  The  crude 
precipitate  was  washed  with  ethanol  and  dissolved  in  water  at  approxi- 
mately 50  mg  wet  weight/ml.  The  turbid  solution  was  dialysed  against 
distilled  water  at  5 C for  24  hours  and  then  precipitated  by  the  addi- 
tion of  ethanol  to  a final  concentration  of  90%  in  the  presence  of  sod- 
ium acetate.  This  precipitate  was  collected  by  centrifugation  at  8000 
x g for  10  min  and  washed  four  times  with  200  ml  ethanol  to  insure  that 
all  of  the  sodium  acetate  was  removed,  with  the  final  centrifugation  at 
16,300  x g for  30  min  to  remove  as  much  ethanol  as  possible.  This  pre- 
cipitate was  dissolved  in  water  at  about  25  mg  wet  weight/ml  and 
freeze-dried. 

The  dry  weight  of  each  of  the  3 parts  to  be  pooled  for  the 
vaccine  was  determined,  and  a final  pool  was  prepared  at  1 mg/ml  in  dis- 
tilled water.  After  sterile  filtration,  a sterile  concentrated  sodium 
chloride  solution  was  added  to  produce  a physiological  solution  of  the 
purified  protein-polysaccharide  complex. 

Briefly,  the  major  differences  in  Lot  WZ-2  preparation 
from  Lot  PA-3  were  as  follows: 

1)  The  protein  for  the  complex  was  derived  from  cultures 
inactivated  with  0.5%  phenol.  These  organisms,  from  which  the  protein 
was  extracted,  were  collected  by  centrifugation  through  the  Spinco  B- 
XVI  continuous  flow  rotor. 

2)  The  polysaccharide  was  derived  from  cultures  inactiva- 
ted by  Cetaylon  and  by  extraction  of  the  Sharpies  sediment  with  calcium 
chloride. 
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3)  The  protein  and  polysaccharide  were  combined  in  equal 
proportions  and  were  then  chromatographed  on  a Sephadex  G-100  column 
to  separate  the  toxin  from  the  complex. 


Both  products  (PA-3  and  WZ-2)  were  filled  to  provide 
the  equivalent  of  25  ml  of  vaccine  containing  100  yg  protein/ml,  and 
were  freeze-dried.  The  results  of  in  vivo  and  in  vitro  assays  on  the 
final  products  are  summarized  in  Table  1. 


TABLE 


scale  production  and  purification  of  polysaccharides  derived  from  cul- 
tures of  a group  Y strain  (Boshard  80Y)  of  N_.  meningitidis  was  carried 
out  during  this  period. 

The  four  media  employed  were  1)  modified  Franz  medium, 

2)  modified  Franz  medium  containing  4 times  the  normal  phosphate  con- 
centration, 3)  Franz  medium  with  yeast  extract  dialysate  and  4) 
modified  Franz  medium  containing  3 times  the  normal  casamino  acids  con- 
centration and  one-fifth  the  dextrose  concentration.  For  this  study, 
the  purification  procedures  were  worked  out  and  standardized  to  give  a 
consistent  end  product.  The  results  are  summarized  in  the  following 
table. 


TABLE  I I 


Comparison  of  Results  Obtained  with  N_.  Men i ng  i t i d i s 
Strain  80Y  in  Different  Growth  Media 


Process i ng 
Steps 

Modi f ied 

F ranz 

Medi urn 

Modi f ied 

Franz 

with  4XP0^ 

Franz  wi th 
Yeast  Extract 
Dialysate 

Modified  Franz 

with  3XCA 

and  l/5XDextrose 

pH  of 

Cul ture 

5.1 

6.3 

5.3 

8.0 

Sharpies 

Sediment 

(gm/L) 

2.53 

4.6 

4.6 

6.07 

Crude 

Extract 

(mg/L) 

56.4 

132.6 

60. 1 

89.2 

Phenol 

Extract 

(mg/L) 

16.6 

47.0 

1.9 

27.3 

1 Alcohol 
Pptn.  + High 
Speed 

Centri fuga- 
tion  (mg/L) 

13.9 

13-7 

3 Alcohol 
Pptns  + High 
Speed 

Centri fuga- 
tion  (mg/L) 

In  Vitro 
Assays 

12.2 

Protein,  (%) 

0.48 

0.19 

26.2* 

0.50 

Nucleic  Acid 
(*) 

, 0.56 

0.45 

5.3* 

0.61 

Sialic  Acid 
(*) 

Molecular 

51.5 

62.0 

37.0* 

45.9 

Weight  >100,000  >100,000 

Pyrogeni-  Non-pyrogenic  at 

city  2.5  y/kg  0.25  yg/kg 

*Phenol  Extract  Product 
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The  results  indicated  that  the  modified  Franz  medium  gave 
a reasonable  yield  of  chemically  pure  polysaccharide  with  less  process 
i ng  than  was  required  for  the  modified  Franz  with  4X  phosphate.  Al- 
though the  modified  Franz  with  3X  Casamino  Acids  and  1/5  X dextrose 
medium  gave  a comparable  yield,  the  sialic  acid  content  was  lower  than 
postulated  (50%  or  greater).  Subsequent  experiments  with  the  modified 
Franz  medium  gave  final  yields  of  14.5  and  1 6 . 0 mg/L  of  purified  poly- 
saccharide. 


The  crude  polysaccharide  obtained  following  calcium  chlo- 
ride extraction,  DNA  removal,  precipitation,  and  drying  was  dissolved 
in  a 1/10  dilution  of  saturated  sodium  acetate  (pH  7.0)  at  10  mg/ml. 

It  was  then  fractionated  3 times  using  a 75%  phenol  solution  and  the 
phenol  layers  were  washed  sequentially  with  one  volume  of  1/10  satura- 
ted sodium  acetate.  The  aqueous  phases  and  the  wash  were  combined, 
dialysed  against  distilled  water  at  5°  C,  precipitated  with  80%  ethanol 
in  the  presence  of  calcium,  and  the  precipitate  dissolved  in  0.02  M 
CaC^.  This  solution  was  made  opalescent  by  using  a final  concentra- 
tion of  33%  ethanol  and  was  centrifuged  at  100,000  x g for  4 hr;..  The 
supernatant  was  then  precipitated  using  80%  ethanol  in  the  presence  of 
sodium  acetate. 


It  had  been  suggested  by  a colleague  that  one  fractiona- 
tion with  90%  phenol  solution  and  elimination  of  the  wash  of  the  phenol 
layers  would  yield  a product  with  the  same  degree  of  purification  as 
the  three  75%  phenol  fractionations  described  above.  This  simplified 
procedure  was  tried  and  followed  with  one  ethanol  treatment  and  a high 
speed  centrifugation.  A comparison  of  the  two  products  is  given  in 
the  table  below. 

TABLE  I I I 


Comparison  of  90%  and  75%  Phenol  Fractionation  Procedures 

90%  Phenol  75%  Phenol 

(1  Extr.  - No  Wash)  (3  Extr.  + Wash) 


Yield  (mg) 
Protein  (%) 
Nucleic  Acid  (%) 
Sial ic  Adic  (%) 
Molecular  Weight 
Pyrogenici ty 


31  .2 
0.86 
0.68 
56.5 

>100,000 
Pyrogenic  at 
2.5  ug/kg 


13.9 

0.48 

0.56 

51.5 

>100,000 
Non-Pyrogen i c at 
2.5  Mg/kg 


It  can  be  seen  that  the  yield  is  considerably  greater  with 
the  90%  phenol  fractionation;  however,  this  product  proved  to  be  pyro- 
genic at  the  same  level  at  which  the  other  was  non-pyrogen ic . This 
factor  would  likely  cause  more  side  reactions  in  humans  and  a less 
toxic  vaccine  i s to  be  preferred. 
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Some  difficulty  has  been  experienced  in  sterilizing  the 
final  product  solution  by  passage  through  a 0.2  ym  filter.  Attempts 
are  currently  being  made  to  eliminate  this  problem  so  that  a production 
lot  of  the  80Y  strain  polysaccharide  can  be  prepared  for  evaluation  of 
immunogenici ty  in  man. 

c.  An  experimental  study  on  the  development  of  a purified 
polysaccharide  derived  from  cultures  of  Strain  29E  of  l±.  men ing i t i d i s 
was  initiated  at  the  request  of  the  Department  of  Bacterial  Diseases, 
WRAIR.  Studies  similar  to  those  described  above  with  the  80Y  strain 
were  carried  out.  Results  obtained  from  15  L culture  batches  in  3 
different  media  are  summarized  in  the  following  table. 

TABLE  IV 


Comparison  of  Results  Obtained  with  N_.  Men  i ng  i t i d i s 
Strain  29E  in  Different  Growth  Media 


Process i ng 

Steps 

Modi f ied 

F ranz 

Med i urn 

Modified 

F ranz 
wi  th 

AXPO^ 

Modi f ied 

Franz  wi th 

3XCA  and 

1/5  X Dextrose 

pH  of  Culture 

5.5 

6.5 

8.2 

Sharpies  Sediment  (gm/L) 

3.1 

5.7 

5-9 

Crude  Extract  (mg/L) 

68.0 

85.8 

1*2.8 

Phenol  Extract  (mg/L) 

22.0 

12.2 

11.8 

1 Alcohol  Pptn  + High  Speed 
Centrifugation  (mg/L) 

16.0 

11.9 

11.9 

In  Vitro  Assays 

Protein  (1) 

0.93 

1.81 

1.53 

Nucleic  Acid  (%) 

0.63 

1.17 

3.19 

Keto-Deoxyoctoni c Acid  {%) 

75.7 

76.0 

7^.0 

Molecular  Weight 

>100,000 

— 

— 

Pyrogeni ci ty 

Pyrogenic 
at  2.5  Mg/kg 

Non-Pyrogen i c 
at  0.25  yg/kg 

Again,  the  modified  Franz  medium  was  the  medium  of  choice 
with  regard  to  ease  of  processing  to  a purified  product.  A production 
lot  was  therefore  processed  in  the  same  manner  as  described  above  for 
the  80Y  strain,  except  that  it  was  necessary  to  include  a high  speed 
clarification  centrifugation  before  proceeding  to  the  alcohol  treatment. 
This  product  was  sterilized  by  filtration,  filled  at  2.5  mg  polysac- 
charide per  vial,  and  freeze-dried.  It  is  being  held  for  testing  in 
man  until  the  final  product  sterility,  safety,  toxicity,  and  pyrogeni- 
city  assays  are  completed.  In  vitro  assays  of  the  bulk  product  are 
shown  in  the  following  table. 


TABLE  V 


In  Vitro  Assays  of  N.  Men i ng i t i d i s Strain  29E 


Polysacchari de 


Protein  {%) 

Nucleic  Acid  (%) 
Keto-Deoxyocton i c Acid 
Carbohydrate  (%) 
Molecular  Weight 
Pyrogen ic i ty 


0.61 

0.97 

(%)  78.1 

22.8 

>100,000 
Non-Pyrogenic 
at  0.25  ug/kg 


d.  Since  both  the  80Y  and  29E  meningococcal  strains  grew 
well  in  the  modified  Franz  medium  and  required  a minimum  of  processing 
to  produce  a purified  product,  the  135-m  strain  of  N.-  meni  ng  i t id  i s 
was  also  grown  in  this  medium.  A 16  hr  culture  had  a pH  of  5.2,  and  a 
Sharpies  sediment  of  about  80  gms/15  L batch  was  obtained.  After 
fractionation  with  75%  phenol,  the  protein  and  nucleic  acid  content 
were  each  about  3%  with  this  strain;  however,  it  was  found  that  high 
speed  centrifugation  alone,  or  combined  with  ethanol  opalescence, 
caused  a considerable  loss  of  the  polysaccharide  with  little  reduction 
in  the  protein  and  nucleic  acid  content.  The  sialic  acid  content  was 
about  50 % and  carbohydrate  about  The  molecular  weight  of  the 

polysaccharide  was  greater  than  100,000.  Studies  with  this  strain  are 
continuing  in  an  attempt  to  find  a satisfactory  method  to  produce  a 
purified  polysaccharide  which  will  be  a suitable  immunogen  for  human 
use. 


2.  Plague  Vaccine. 

Work  has  continued  on  a col laborat i ve  study  with  the  Depart- 
ment of  Hazardous  Microorganisms,  WRAIR,  to  determine  whether  an  atten- 
uated strain  of  Yersinia  pestis,  inactivated  with  formalin,  could  re- 
place the  highly  hazardous  virulent  strain  currently  used  in  the  pre- 
paration of  the  U.S.  Army  plague  vaccine. 

In  previous  studies  (Annual  Report,  1976),  the  attenuated 
strains  were  grown  on  Bacto  Blood  Agar  Base  (Difco)  and  it  was 
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determined  that  0.05%  formalin  was  sufficient  to  completely  inactivate 
the  harvested  cultures  within  2k  hours.  In  the  current  study,  the 
attenuated  strain  (A 1122)  was  grown  on  a modification  of  "E"  Medium,  a 
medium  free  of  blood  group  substances  which  is  used  in  the  commercial 
production  of  plague  vaccine,  and  the  resulting  harvest  pool  was  divided 
into  2 portions.  One  portion  was  inactivated  with  0.05%  formalin  and 
the  other  with  0.65%  formalin  (the  concentration  of  formalin  used  to  in- 
activate the  virulent  strain  of  Y_.  pest  i s for  the  commercial  production 
of  plague  vaccine).  The  two  portions  were  held  at  room  temperature, 
with  frequent  shaking  and  samples  were  withdrawn  at  designated  time 
periods  to  determine  rates  of  inactivation.  The  results  are  summarized 
i n Table  V I . 

TABLE  VI 

Formalin  Inactivation  of  Yersinia  Pestis 
(strain  A 1 122)  Harvest 


Formal i n (%) 


Inactivation  Time  (Hrs.) 


0.05 


0.65 


2k 


k8 
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*No  apparent  growth  on  agar. 

At  both  formalin  levels  the  harvest  pools  were  completely  in- 
activated within  2k  hours.  Nitrogen  assays  on  these  two  inactivated 
preparations  indicated  that  they  contained  approximately  three  times 
the  nitrogen  present  in  the  standard  U.S.  Army  plague  vaccine  as  is 
shown  i n Table  VII. 


TABLE  VII 

Nitrogen  Assays  on  Inactivated  Plague  Preparations 


Preparat ion 


Nitrogen  (mg/ml) 


A1 122-0.05%  Formalin 
A1 122-0.65%  Formalin 
U.S.  Army  Vaccine 


1.25 

1.12 

0.39 


These  preparations  have  been  submitted  to  the  Department  of 
Hazardous  Microorganisms,  WRAIR,  for  evaluation  in  animals.  The  anti- 
body responses  and  protective  activities  of  the  experimental  vaccines 
prepared  ffom  the  attenuated  strain  will  be  compared  with  those  of  the 
standard  vaccine  on  an  equivalent  nitrogen  basis. 

581 


k 


A 


During  this  period  investigations  directed  towards  the  develop- 
ment of  a dengue  virus  type  2 (DEN-2)  vaccine  for  human  use  were  contin- 
ued. Studies  were  also  carried  out  on  the  development  of  a mouse  po- 
tency assay  for  the  evaluation  of  DEN-2  vaccines.  In  addition,  an  at- 
tempt to  adapt  dengue  virus  type  3 (DEN-3)  to  grow  in  a certified  diploid 
strain  of  fetal  rhesus  monkey  lung  (DBS-FRhL-2)  cells  was  initiated. 

a.  Using  procedures  outlined  previously  (Annual  Reports  197^, 
1975  and  1976),  several  lots  of  an  inactivated  DEN-2  vaccine  were  pro- 
duced and  tested  in  animals.  Preliminary  results  indicated  that  the 
serological  conversion  of  mice  and  guinea  pigs  was  quite  inconsistent, 
and  three  doses  of  the  vaccine  appeared  to  be  required  for  significant 
serological  conversion.  It  was  also  observed  that  the  infectious  virus 
titers  of  the  harvest  fluids  prior  to  inactivation  varied  considerably, 
although  the  infectious  fluids  were  harvested  on  the  similar  basis  of 
time  and  cy topathogen i c effect  (CPE).  This  variation  in  infectious 
titer  could  account  for  the  large  variability  in  the  immunologic  re- 
sponses of  the  animals.  Therefore,  the  hemagglutination  (HA)  of  goose 
red  blood  cells  by  the  culture  fluids  was  investigated  as  an  additional 
criterion  for  the  harvesting  of  infectious  fluids. 

In  a previous  study  (Annual  Report,  1976),  growth  curves 
were  obtained  with  three  different  concentrations  of  virus  particles  to 
determine  the  relationship  between  the  number  of  virus  particles  in  the 
inoculum  and  optimal  time  of  harvest.  This  experiment  was  repeated, 
and  the  HA  activity  of  the  infectious  fluid  was  also  determined. 

2 

Confluent  monolayers  of  DBS-FRhL-2  cells  in  75  cm  flasks 
were  washed  with  25  ml  of  Hank's  Balanced  Salt  Solution  (HBSS)  and  then 
inoculated  with  DEN-2  seed  material  (Annual  Report,  1971*)  at  a multipli- 
city of  infection  (MO  I ) of  1,  0.1  and  0.01.  Virus  was  adsorbed  at  35° 

C for  90  minutes,  followed  by  removal  of  the  inoculum  and  three  rinses 
of  the  cell  monolayers  with  25  ml  of  HBSS.  After  the  addition  of  25  ml 
of  maintenance  medium  (Eagle's  Minimum  Essential  Medium  with  antibiotics 
but  no  serum  additives),  the  flasks  were  incubated  at  35°  C.  At  1 , 2, 

3,  **,  5,  6,  7 and  8 days  post- i nocul at  ion , 0.3  ml  samples  from  each  of 
two  flasks  were  removed,  mixed  with  an  equal  volume  of  inactivated 
fetal  bovine  serum  (FBS)  and  frozen  at  -70  C.  Samples  were  assayed  by 
plaquing  in  LLC-MI^  cell  monolayers.  In  addition,  0.2  ml  samples  from 
each  of  two  flasks  were  removed  and  immediately  tested  for  HA.  The  re- 
sults are  presented  in  Table  VIII. 


TABLE  VIII 


Effect  of  Viral  Concentration  of  Inoculum  on  Virus  Titer 
and  Hemagglutination  Activity  of  Dengue  Virus  Type  2 


MOI  of 

1 

MOI  of 

0.1 

MOI  of  0, 

.01 

Day 

T i tera 

HAb 

Titer 

HA 

Titer 

HA 

1 

1 .OxlO5 

0 

3. lxlO4 

0 

2.3xl03 

0 

2 

1 .lxlO5 

0 

3.8xl04 

0 

9. OxlO3 

0 

3 

2. lxlO5 

2 

1 .2xl05 

0 

5. OxlO4 

0 

4 

4.5x10’’ 

4 

4. lxlO5 

0 

6.5xl04 

0 

5 

l.lxlO6 

8 

8. lxlO5 

0 

1 .OxlO5 

0 

6 

1 . 4x1 06 

16 

l.2x>06 

2 

6. OxlO4 

0 

7 

3. OxlO6 

16 

1 . 3xl06 

4 

3. OxlO5 

0 

a.  PFU/0.2  ml 

b.  Per  0.5  ml 


As  can  be  seen  from  the  above  table,  maximum  HA  titers 
were  achieved  wi th  an  MO  I of  1 . It  also  appears  that  HA  can  be  used 
as  an  additional  criterion  for  the  harvesting  of  infectious  fluids. 

It  was  also  of  interest  to  determine  what  effect  serum 
additives  would  have  on  the  HA  of  DEN-2  virus,  and  at  the  same  time 
to  check  the  reproducibility  of  the  experiment  in  terms  of  HA.  Using 
an  MOI  of  1 and  the  same  procedures  as  previously  described,  the 
above  study  was  repeated  with  and  without  the  addition  of  Human  Serum 
Albumin  (HSA)  and  Fetal  Bovine  Serum  (FBS)  to  the  maintenance  medium. 
The  results  are  shown  in  the  following  table. 


TABLE  IX 


V 


Effect  of  Different  Serum  Additives  on  the 


Hemagg 1 ut i nation 

Activity  of 

Dengue 

V i rus  Type 

2 

No  Serum  Add i t i ve 

HSA 

FBS 

Day 

Titer3 

HA  b 

Ti  ter 

HA 

Titer 

HA 

1 

3.4x10** 

0 

4 

1.5x10 

0 

3.6x10** 

0 

2 

1.6x10'* 

0 

1 .9xl05 

0 

3.8x10"* 

0 

3 

5.5x10"* 

2 

2.2x10"* 

0 

1 . 4x1 06 

0 

4 

9.4xl05 

4 

2. 1x10"* 

0 

1 . 9x1 06 

0 

5 

9. 7x1  O'* 

4 

5. IxlO5 

0 

2.0xl06 

0 

6 

1 . 5x1 06 

8 

1 .4xl06 

2 

2.5xl06 

0 

7 

I.OxlO6 

16 

2.0xl06 

4 

2.4x!06 

0 

a.  PFU/0.2  ml 

b.  Per  0.05  ml 


The  serum  additives  did  have  an  inhibitory  effect  on  the 
HA  titers,  as  indicated  in  the  above  table.  However,  the  virus  and  HA 
titers  of  the  infectious  fluid  containing  no  serum  additive  were  com- 
parable to  those  in  the  previous  experiment.  It  thus  appears  that  the 
HA  titer  would  be  a good  indicator  for  the  harvest  of  infectious 
fluids. 

On  the  basis  of  the  above  results,  an  HA  titer  of  16  was 
selected  as  the  minimum  titer  for  the  harvesting  of  infectious  fluids. 
Based  on  this  criterion,  an  inactivated  DEN-2  vaccine  was  made  using 
previously  described  methods.  Rabbits  were  immunized  with  varying 
doses  of  the  vaccine  to  reevaluate  the  number  of  doses  required  for 
complete  serological  conversion.  Three  rabbits  received  1 ml  intra- 
muscularly (IM)  on  day  0,  three  other  rabbits  received  1 ml  IM  on  days 
0 and  7,  and  the  last  three  rabbits  received  1 ml  IM  on  days  0,  7 and 
21.  All  rabbits  were  bled  on  day  28.  The  results  of  the  hemagglutin- 
ation-inhibition titrations  on  the  rabbit  antisera  are  presented  in  the 
following  table. 


TABLE  X 


Effect  of  Number  of  Doses  on  HI  Responses  of  Rabbits 
Immunized  with  an  Inactivated  DEN-2  Vaccine 


Rabb  i t 


No.  of  Doses 


HI-Titer* 


1 

2 

3 

k 

5 

6 

7 

8 
9 


1 

1 

1 

2 

2 

2 

3 

3 

3 


0 

0 

0 

20 

0 

10 

40 

ko 

ko 


■-Reciprocal  of  the  HI  antibody  against  A-8  units  of  DEN-2  virus  HA 


These  results  substantiate  the  previous  observation  that 
three  doses  of  vaccine  are  required  for  significant  serological  conver- 
sion. However,  whether  the  harvesting  of  infectious  fluid  based  on  an 
HA  titer  of  16  will  eliminate  some  of  the  variability  that  was  en- 
countered with  previous  vaccines  is  still  to  be  determined. 

b.  In  the  process  of  trying  to  increase  the  antigenic  mass  of 
a DEN-2  vaccine,  a precipitate  was  unexpectedly  formed  when  a freeze- 
dried  product  was  resuspended  with  water  to  1/10  of  its  original  fluid 
volume.  It  was  determined  that  this  precipitate  contained  the  bulk  of 
the  live  virus  and  the  HA  activity.  During  further  investigations,  this 
precipitate  was  easily  produced  by  adding  magnesium  and  sodium  salts  to 
infected  cell  culture  fluids.  Since  this  appeared  to  be  a simple  method 
of  preparing  concentrated  hemagglutinins  of  DEN-2  virus,  further  invest- 
igations were  carried  out. 

Confluent  monolayers  of  DBS-FRhL-2  cells  were  inoculated 
as  previously  described.  When  4+  CPE  developed,  the  fluids  were  har- 
vested and  clarified  by  centrifugation  at  2500  x g for  10  min  at  4 C. 
Various  concentrations  of  Mg-Na  salts  were  added  to  the  virus  suspen- 
sions and  then  the  fluids  were  adjusted  to  pH  8.0,  8.5  and  9-0  with  IM 
NaOH.  After  1 hr  at  ^ C,  the  precipitates  were  sedimented  at  2500  x g 
for  10  min  at  *4  C,  the  fluids  were  decanted  and  drained,  and  the  pel- 
lets were  resuspended  to  1/10  volume  in  borate-buffered-sal i ne  (pH  9.0) 
containing  0.2%  bovine  serum  albumin.  The  results  are  presented  in 
Table  XI. 


TABLE  XI 


Recovery  of  HA  and  Virus  Titers  of  DEN_2  After  Precipitation 
With  Salts  at  Different  Concentrat ions  and  pH 


Salts* 


£H 


HA(Per  0.05  ml)  Titer  (PFU/0.2  ml) 


3X 

8.0 

128 

9.0x10 

8.5 

128 

7.0x10 

9.0 

256 

1.7x10 

5X 

8.0 

128 

1.5x10 

8.5 

256 

1.5x10 

9.0 

128 

9.0x10 

7X 

8.0 

64 

7.0x10 

8.5 

256 

1.4x10 

9.0 

256 

9.0x10 

9X 

8.0 

64 

8.0x10 

8.5 

128 

1 . 1x10 

9.0 

128 

9.0x10 

Original  fluid 

7. 0-7. 2 

32 

1.3x10 

6 

6 

7 

7 

7 

6 

6 

7 

6 

6 

6 

6 

6 


(IX) 


*MgS0^*7H20  and  NaH2P0^-H20  are  found  in  Earl's  Minimum  Essential  Medium 

in  the  following  concentrations:  MgSO^ • 7H20=200  mg/liter;  NaH2P0^-H20= 
140  mg/liter.  In  the  above  table,  therefore  3X  indicates  3 times  the 
concentration  of  both  salts. 


On  the  basis  of  HA  and  infectious  titer,  comparable  re- 
sults were  obtained  with  the  various  concentrations  of  salts  and  pH. 
However,  as  the  salt  concent  rat  ion  was  increased,  there  was  an  increase 
in  the  amount  of  precipitate  without  an  increase  in  HA  or  infectious 
titer.  For  this  reason,  a lower  salt  concentration  is  desirable.  There 
fore,  subsequent  studies  were  done  using  a 3x  salt  concentration  at  pH 
9.0.  When  the  infectious  tissue  culture  fluid  was  concentrated  10  fold, 
the  efficiency  of  recovery  was  approximately  100%  in  terms  of  both  HA 
and  infectious  titer.  However,  the  efficiency  of  recovery  decreases 
drastically  when  the  infectious  fluid  was  concentrated  50  fold  and  de- 
creases to  a completely  unprofitable  level  when  concentrated  100  fold. 

This  salt  precipitated  DEN-2  antigen  gave  similar  HA  pat- 
terns and  HI  antibody  titers  when  compared  to  HA  antigen  prepared  by  su- 
crose-acetone extraction  of  suckling  mouse  brain  pools.  The  HA  activity 
remained  stable  for  at  least  6 months  at  4 C. 

Precipitation  of  tissue  culture  propagated  DEN-2  virus 
with  salts  may  also  provide  a simple  method  for  concentrating  live  virus 
for  vaccine  preparation.  Additional  studies  are  planned  to  determine 
the  usefulness  of  this  procedure. 


rb$ 


c.  A mouse  potency  assay  for  the  evaluation  of  DEN-2  vaccines 
is  currently  being  investigated.  Several  strains  of  DEN-2  virus  were 
titrated  intracerebral ly  (1C)  in  adult  mice  to  determine  their  potential 
for  use  as  a challenge  virus.  One  particular  strain,  WP- 131,  gave  very 
promising  results.  The  following  table  shows  the  titration  of  this 
virus  and  also  demonstrates  the  death  pattern,  which  is  fairly  clean  and 
unusual  for  dengue. 

TABLE  XI  I 

Titration  of  DEN-2  Virus  (Strain  WP  131)  in  Adult  Mice 


10~2 

10~3 

lO'4 

10~5 

1 

0/5* 

0/5 

0/5 

0/5 

0/5 

10 

2/5 

1/5 

0/5 

0/5 

0/5 

11 

3/5 

1/5 

0/5 

0/5 

0/5 

12 

3/5 

2/5 

0/5 

0/5 

0/5 

13 

5/5 

2/5 

0/5 

0/5 

0/5 

14 

2/5 

1/5 

0/5 

0/5 

15 

4/5 

2/5 

2/5 

0/5 

16 

4/5 

2/5 

3/5 

0/5 

17 

5/5 

5/5 

3/5 

0/5 

18 

3/5 

0/5 

19 

3/5 

0/5 

20 

4/5 

0/5 

21 

4/5 

1/5 

Each  mouse  was  inoculated  1C  with  0.05  ml 
*No.  of  deaths/total  inoculated 


From  the  above  results,  it  can  be  observed  that  the  death 
pattern  demonstrates  a graded  dose  response.  Thus  it  appears  that  this 
strain  of  DEN-2  virus  may  be  useful  as  a challenge  virus  in  the  mouse 
potency  test. 


In  a preliminary  potency  assay,  groups  of  mice  that  were 
inoculated  with  either  a formalin  inactivated  DEN-2  vaccine  or  a live 
attenuated  DEN-2  vaccine  were  protected  against  a challenge  of  approxi- 
mately 1000  LD_q  doses  of  the  WP  131  strain.  Additional  studies  are 
currently  being  carried  out  to  further  determine  the  usefulness  of  this 
mouse  assay  for  the  evaluation  of  the  immunogenicity  of  dengue  vaccines. 

d.  Previous  attempts  to  adapt  DEN-2  virus  to  chick  fibroblast 
cell  cultures  were  unsuccessful  (Annual  Report,  197*0.  Another  attempt 


was  initiated  during  this  period,  using  a totally  different  approach. 
Embryonated  chick  eggs  were  inoculated  intravenously  with  DEN-2  virus 
and  a series  of  embryos  were  then  bled  on  successive  days  for  10  days. 
The  results  of  this  viremia  study  in  embryonated  chick  eggs  is  presented 
in  the  following  table. 

TABLE  XIII 


Dengue  Type  2 Viremia  in  Embryonated  Chick  Eggs 


Day  of  Bleeding 


Titer  (PFU/0.2  ml) 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 


0 

0 

1 

0 

5.5 

1.5 
5 

2 

3 

1 


The  day  5 and  7 bleedings  were  further  passaged  intraven- 
venously  in  embryonated  chick  eggs  without  any  success.  The  day  9 mater 
ial  was  then  passaged  into  chick  fibroblast  cell  cultures.  The  follow- 
ing table  shows  the  results  of  the  first  four  passages. 


TABLE  XIV 


Passages  of  Dengue  Type  2 (PR  159)  in  Chick  Fibroblast  Cells 


Passage 

1 

2 

3 

4 


Day  of  Harvest 

5 

4 

3 

3 


Titer  (PFU/0.2  ml) 

2.2xlol 

1.3x10, 

2.0x10; 

1 .4xl0Z 


Further  passages  will  be  carried  out  in  chick  fibroblast 
cultures  in  an  attempt  to  increase  the  yield  of  infectious  virus  to  a 
level  satisfactory  for  vaccine  production. 

e.  Passage  of  dengue  virus  type  3,  strain  CH  53489  (DEN-3),  in 
a certified  diploid  strain  of  fetal  rhesus  monkey  lung  (DBS-FRhL-2) 
ceils  was  continued.  Ten  additional  passages  were  made  during  this 
period,  using  the  procedures  previously  described  (Annual  Report,  1976). 
Since  only  one  passage  was  done  in  1976,  the  entire  passage  history  of 
DEN-3  in  certified  DBS-FRhL-2  cells  is  presented  in  the  following  table. 


I 


583 


TABLE  XV 


Passage 


Passages  of  DEN-3  Virus  in  Certified  DBS-FRhL-2  Cells 

I nocu 1 um  Day  of  Harvest  Ti ter  (PFU/0. 2 ml ) 


Day  of  Harvest 


l 

3.8xl02 

7* 

2.0x10? 

2.5x10 

(human  serum) 

14 

2 

6. 2xl02 

3* 

0 i 

2.0x10 

6.0x10, 

4* 

5* 

6* 

8.7x10, 

7 

1 . 3x1  of 
1.0x10, 

3 

1 .6x10^ 

3* 

9 

7 

1.3x10 

4 

1.6x10 

3* 

ND 

o 

7 

5.2x10* 

5 

6.5x10* 

3* 

0 , 

7 

5.3x10* 

6 

1.3X10-5 

3* 

1 .5x10, 

1 .8xl03 

7 

7.4x10* 

7 

3* 

8.0x10, 

2.3xl03 

7 

9.1x10? 

7.0x10, 

8 

3* 

7 

l . 4x»0f 
6.0x10, 

9 

3. WO* 

3* 

7 

7 

1 .6xl05 

10 

4.0x10^ 

3* 

ND  . 

7 

1.4x10, 

11 

3.5x10* 

3* 

1.2x10' 

7 

l .0x10^ 

ulture  flui 

ids  harvested  and  cell 

sheets 

refed  with  EMEM+2%  1 

At  the  passage  11  level,  a portion  of  the  7 day  harvest  was 
prepared  for  further  studies.  The  continuous  passages  of  the  original 
DEN-3  human  serum  isolate  in  these  DBS-FRhL-2  cells  yielded  DEN-3  virus 
that  produced  only  small  plaques  in  LLC-MI^  cells  and  exhibited  tempera- 
ture sensitive  characteristics.  Monkey  inoculation  experiments,  how- 
ever, indicated  that  this  virus  still  produced  viremia. 

Currently,  the  passage  11  materia,  is  being  cloned  by  a 
terminal  dilution  technique,  since  a plaque  assay  of  DEN-3  virus  in 
these  certified  cells  is  not  yet  possible.  Each  clone  will  then  be 
characterized  and  evaluated  as  a candidate  seed  strain  for  use  in  the 
development  of  a DEN-3  vaccine. 

4.  Diagnostic  Antigens  and  Antisera. 

Previous  studies  in  this  laboratory  have  demonstrated  the 
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feasibility  of  preparing  freeze-dried  and  tableted  bacterial  antigens 
and  antisera  for  use  in  diagnostic  tests  for  the  febrile  diseases 
(Annual  Report,  1976;  Berman  et  al.,  1977).  During  this  period  an  eval- 
uation of  the  stability  of  the  taFleted  antigen  preparations  was  initi- 
ated. 


Tableted  preparations  of  Jive  febrile  antigens,  sealed  i n 
vacuo,  were  placed  in  storage  at  A C,  37  C,  45  C and  56  C.  At 
three  month  intervals,  sample  tablets  were  removed  from  incubation,  re- 
hydrated with  20  ml  phenolized  distilled  water,  and  the  resulting  anti- 
gen suspensions  were  tested  for  agglutinabi 1 i ty  in  dilutions  of  homolo- 
gous antisera  by  the  standard  tube-type  agglutination  test. 

Similar  results  were  obtained  over  a nine  month  period  (the 
maximum  time  tested  thus  far)  with  tablets  stored  at  all  four  tempera- 
tures. The  titers  obtained  with  the  56  C samples  are  summarized  in 
the  table  below. 

TABLE  XVI 

Stability  of  Tableted  Febrile  Antigen  Preparations  Stored  at  56°  C 
Antigen  Time  (months) 


0 

3 

6 

9 

Sj-Jysiii.  "0" 

640* 

320 

160 

320 

S.  typhi  "H" 

1280 

320 

640 

1280 

S.  paratyphi  "H" 

640 

640 

640 

320 

S.  schottmuel leri  "H" 

640 

640 

640 

320 

Proteus  OX-K 

320 

80 

80 

80 

^Reciprocal  of  agglutination  titer  of  homologous  antiserum. 


With  all  of  the  antigen  preparations,  in  the  tests  performed 
at  the  different  time  periods,  the  differences  in  the  serum  titers 
obtained  were  not  more  than  4-fold,  and  are  therefore  not  considgred 
to  be  significant.  Thus,  after  storage  at  temperatures  up  to  56°  for 
a period  of  9 months,  there  appears  to  be  no  significant  loss  in  the 
ability  of  the  tableted  antigens  to  react  with  the  homologous  antibody 
to  titer. 

5.  Vaccine  Potency  Assays. 

During  the  past  year  studies  have  continued  in  an  effort  to 
determine  whether  the  addition  of  iron  to  sub-standard  lots  of  hog 
gastric  mucin  would  sufficiently  enhance  the  virulence  of  Salmonel la 
typhi  , strain  Ty2,  to  permit  its  use  as  a challenge  organism  in  mouse 
potency  assays  for  the  evaluation  of  typhoid  vaccines. 


Previous  investigations  have  shown  that,  with  the  addition  of 
varying  concentrations  of  iron  in  the  form  of  ferric  ammonium  citrate 
to  several  different  lots  of  mucin,  an  enhancing  effect  of  iron  on 
virulence  could  be  demonstrated  (Annual  Report,  1975).  In  addition, 
mouse  protection  test  assays  were  performed  to  determine  the  efficacy 
of  U.S.  Standard  typhoid  vaccine,  Lot  #6A,  by  challenging  previously 
immunized  mice  with  the  Ty2  strain  suspended  in  5 % mucin  alone  and  in 
5%  mucin  supplemented  with  iron.  Additional  assays  compared  U.S. 
Standard  typhoid  vaccine,  Lot  #6A,  with  a commercially  prepared  typh- 
oid vaccine  involving  the  same  two  challenges.  In  the  first  of  these 
experiments  the  results  showed  no  significant  change  in  ED  n value  for 
vaccine  Lot  #6A  and  in  the  latter  experiment,  although  there  was  a 2- 
fold  difference  between  the  ED,-n  values  obtained  with  the  2 challenge 
suspensions,  the  relative  potencies  of  the  2 vaccines  were  identical 
(Annual  Report,  1976). 

At  this  point,  the  study  was  temporarily  halted  because  of  an 
infection  in  the  Walter  Reed  mouse  colony  necessitating  the  destruction 
of  the  colony.  A new  colony  of  mice  was  eventually  produced  and  prelim- 
inary virulence  titrations  revealed  that  the  newly  formed  Walter  Reed 
ICR  mouse  strain  was  considerably  more  resistant  to  typhoid  strain  Ty2 
when  tested  with  the  available  mucin  lots.  A search  for  a more  suita- 
ble mouse  strain  was  therefore  undertaken. 


Two  strains  of  mice  were  obtained  from  the  National  Institutes 
of  Health  (NIH)  and  were  compared  with  the  new  Walter  Reed  ICR  strain 
for  suitability.  Using  mucin  iot  #03^7A001 , which  had  previously  been 
demonstrated  to  be  satisfactory,  the  results  as  shown  in  Table  XVII 
revealed  that  the  NIH  Swiss  males  provided  the  lowest  LD  . value  (5.0 
organisms),  well  below  the  10  colony  forming  units  required  by  the  U.S. 
Food  and  Drug  Administration  for  typhoid  challenges  (Code  of  Federal 
Regulations,  1976). 


TABLE  XVI  I 


V i ru lence  Titration  of  _S . Typhi  Ty2  (in  5 % Muc i n ) 
In  Various  Mouse  Strains 


Mouse  Strain 


NIH  Swiss  Males 

NIH  General  Purpose  Males 

W.  Reed  ICR  Males 

NIH  General  Purpose  Females 

W.  Reed  ICR  Females 


5 . 0 organ i sms 
13.5 

80.0  " 

125.0  " 

1125  " 


*Mucin  Lot  /?03*»7A001 

**Ca 1 cul ated  by  the  Mi  1 1 er-Ta i nter  Probit  Method 
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It  was  desirable  therefore  to  determine  the  extent  of  virulence 
enhancement,  if  any,  that  could  be  achieved  by  the  addition  of  iron, 
using  the  NIH  Swiss  male  mice.  Two  lots  of  mucin  previously  found  to  be 
substandard  in  typhoid  virulence  titrations  were  compared  with  the  known 
satisfactory  lot  #03^7A001.  Various  concentrations  of  iron  were  added 
to  suspensions  of  the  sub-standard  mucin  preparations  and  mouse  viru- 
lence titrations  were  performed.  The  results  of  this  experiment  are 
shown  in  Table  XVIII. 


TABLE  XVIII 

£ 

The  Effect  of  Iron  on  the  Virulence  of  S^.  Typhi  Strain  Ty2  for  Mice 


1 ron 

Concentration 

cjht).  hV* 

Muci  n 

(mg/kq 

mouse  body  wei 

#0347A001 

0 

**.2  organisms 

#96181 

0 

90.0 

II 

10 

6.5 

1 1 

15 

7.5 

1 1 

20 

5.2 

#1715357 

18 

1*320.0  " 

1 1 

13.5 

1 1 

15 

12.0 

II 

20 

10.5  " 

*Mouse  strain  - 

NIH 

Swiss  Males 

**Calculated  by 

the 

Mi  l ler-Tainter 

Probit  Method 

The  results,  as  had  been  demonstrated  with  the  formerly  used 
Walter  Reed  ICR  strain,  clearly  showed  that  the  addition  of  iron  to 
mucin  preparations  produced  an  enhancing  effect  on  virulence,  and  fur- 
ther, that  different  mucin  lots  require  different  amounts  of  iron  to  re- 
duce the  LD™  value  to  an  acceptable  level  (not  more  than  10  colony 
forming  units). 

Additional  virulence  titrations  were  performed  in  order  to  com- 
pare the  LD,..  values  of  the  Ty2  strain  suspended  in  three  different  mu- 
cin lots.  These  mucin  lots  were  supplemented  with  varying  concentra- 
tions of  iron  and  subsequently  inoculated  into  both  the  NIH  and  Walter 
Reed  strains  of  mice.  These  results  are  summarized  in  Table  XIX. 
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TABLE  XIX 


Comparison  of  the  Virulences  of  S_.  Typhi  Ty2  With  Different 
Lots  of  Mucin  and  Different  Strains  of  Mice 


Mucin  Lot  #0347A001 


& 

1 ron  Added  NIH  Swiss 

Males 

NIH 

General 

Purpose  Males 

W.  Reed 

Males 

** 

0 

~10.0 

Org. 

25.0 

Org. 

350  Org 

!. 

5 mg/kg 

— 

4.5 

1 1 

893  " 

10  mg/kg 

— 

2.7 

1 1 

52.0  " 

15  mg/kg 

— 

3.0 

1 1 

7.5  " 

Mucin  Lot 

#96181 

NIH  Swiss 

Males 

NIH 

Gene ral 

Purpose  Males 

W.  Reed 

Males 

0 

80.0 

Org. 

(not  done) 

-20,000 

Org. 

5 mg/kg 

15.0 

1 1 

— 

10  mg/kg 

6.0 

1 1 

>5000 

1 1 

15  mg/ kg 

8.0 

1 1 

-- 

20  mg/kg 

0.6 

1 1 

>5000 

1 1 

30  mg/kg 

— 

>500 

1 1 

40  mg/kg 

— 

-350 

II 

Mucin  Lot 

#1715357 

NIH  Swiss  Males  NIH  General  Purpose  Males  W.  Reed  Males 


0 

'30,000  Org. 

>30,000  Org. 

-30,000  Org 

10  mg/kg 

>300  " 

54.0  " 

300  " 

15  mg/kg 

-15.0  " 

100.0  " 

— 

20  mg/kg 

~ 7.5  " 

60.0  " 

>300  " 

30  mg/kg 

* 1 ron=Ferr ic 

Ammonium  Citrate 

>300  " 

**LD^g  Value 


Again  the  results  showed  that  with  the  NIH  Swiss  male  mice, 
the  addition  of  increasing  concentrations  of  iron  to  the  mucin  suspen- 
sions did  reduce  the  LD  . values  to  10  organisms  or  less  with  each  of 
the  three  mucin  lots.  However,  with  the  Walter  Reed  ICR  males  and  NIH 
General  Purpose  Males,  addition  of  iron  concentrations  even  up  to  30  mg/ 
kg  did  not  sufficiently  reduce  the  LD,.q  values  with  mucin  lots  #96181 
and  #1715357.  These  two  mucin  lots  had  been  considered  sub-standard  in 
previous  titrations  without  the  addition  of  iron.  Higher  concentrations 
of  iron  were  not  used  because  it  has  been  observed  that  ferric  ammonium 
citrate  is  generally  toxic  for  mice  at  the  concentration  of  60  mg/kg  or 


above.  With  mucin  lot  ^OB^yAOO',  in  the  NIH  General  Purpose  Males  and 
Walter  Reed  ICR  males,  the  LD  values  were  reduced  to  less  than  10 
organisms  with  concentrat ions5of  5 and  15  mg/kg  of  iron,  respectively. 

Thus  it  appears  that  the  NIH  Swiss  male  mice  are  the  most 
satisfactory  of  the  several  strains  tested.  This  strain  of  mice  is 
currently  being  used  to  determine  whether  iron-supplemented  mucin  pre- 
parations can  be  employed  in  the  mouse  protection  test  to  evaluate 
typhoid  vaccines.  The  usefulness  of  iron-supplemented  mucin  in  mouse 
potency  assays  for  cholera  and  meningococcal  vaccines  will  also  be 
evaluated. 
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23 (U)  To  study  and  define  pathogenesis  of  spontaneous  and  experimental  trypanosomiasis , 
leishnaniasis , schistosomiasis  and  sarcosporidiosis  in  a variety  of  animal  hosts.  To 
study  spontaneous  severe  renal  disease  in  colonized  and  quarantined  aotus  monkeys. 
Provide  anatomic  pathology  support  for  wildlife  epidemiological  surveys  in  the  Trans- 
Amazon  and  other  military  installations.  All  projects  under  study  are  of  military  im- 
portance as  zoonotic  diseases  or  animal  models  for  human  diseases. 

24 (U)  Studies  will  utilize  conventional  gross  and  histopathology,  clinical  pathology, 
electron  microscopy,  histochemistry,  imnunohistochemistry  and  radioisotopic  techniques. 
25  (U)  76  10-77-09  The  pathogenesis  of  experimental  Leishmania  donovani  infection  in 

the  cynomolgus  monkey,  hamster,  irystromys  and  dog  is  currently  being  defined.  The 
pathogenesis  of  experimental  Trypanosoma  rhodesiense  infection  in  the  dog  has  been 
studied.  The  role  of  disseminated  intravascular  coagulation  in  the  pathogenesis  of 
Trypanosoma  rhodesiense  infection  in  dogs  and  rats  is  being  defined.  Ultrastructural 
neuropathology  studies  of  experimental  Trypanosoma  congolense  infection  in  African  cat- 
tle and  mice  are  in  progress.  Histochemical  stains  to  differentiate  seven  species  of 
schistosomes  in  tissues  are  completed.  The  effect  on  system  involved  in  inrrrune-corrplex 
glomerulonephritis  induced  by  Trypanosoma  rhodesiense  is  being  defined  in  C4  deficient 
guinea  pigs.  A study  to  define  the  pathogenesis  of  glomerulonephritis  induced  in  cat- 
tle by  Sarcocystis  fusiformis  is  being  investigated  in  collaboration  with  USDA  Research 
Institute,  Beltsville,  MD.  The  mechanism  of  bovine  and  ovine  abortion  induced  by 
Sarcocystis  fusiformis  has  been  completed.  Anatomic  lesions  which  were  identified  and 
statistical  data  compiled  on  wildcaught  animals  as  part  of  a large  epidemiological 
survey  is  being  continued  into  its  second  phase.  For  technical  report,  see  Walter  Reed 
\rm^Institute  of  Research  Annual  Progress  Report,  1 Jul  76-30  Sep  77. 
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Background 

To  diagnose,  define,  investigate,  compare  and  analyze  known  and  poten- 
tial communicable  diseases  common  to  both  man  and  animal.  Special  emphasis 
will  be  focused  on  control  and  protective  methods  against  the  occurrence 
and  tissue  injury  induced  by  these  diseases.  A continual  recognition  will 
be  given  to  new  animal  models  for  study  of  human  diseases.  A major  effort 
will  be  directed  toward  defining  the  mechanistic  events  and  reactions  at 
the  cellular  levels  occurring  in  the  development  of  these  diseases.  Gross 
pathology,  histopathology,  clinical  pathology,  comparative  pathology,  ultra- 
structural  pathology,  experimental  pathology,  histochemistry,  immunochem- 
istry  and  radioisotope  procedures  will  be  used. 

During  the  reporting  period  the  following  research  activities  have 
been  in  progress:  1)  Pathology  of  Trypanosoma  rhodesiense  infection  in 
C4-deficient  guinea  pigs  and  those  with  a normal  complement  system;  2) 
Pathogenesis  of  Trypanosoma  rhodesiense  infection  in  the  dog;  3)  Electron 
microscopic  study  of  central  nervous  system  and  renal  injuries  in  cattle 
experimentally  infected  with  Trypanosoma  congolense;  4)  Ultrastructural 
neuropathology  induced  in  mice  by  Trypanosoma  congolense;  5)  A study  to 
define  the  pathogenesis  of  glomerulonephritis  induced  in  cattle  by  Sarco- 
cystis  cruzi  in  collaboration  with  USDA  Animal  Parasite  Institute,  Belts- 
ville,  MD;  6)  Pathology  of  experimental  Leishmania  donovani  (Khartoum 
strain)  infection  in  the  cynomolgus  monkey;  7)  Development  and  evaluation 
of  Mystromys  albicaudatus  (African  white-tailed  rat)  as  an  experimental 
host  for  New  World  cutaneous  leishmaniasis;  8)  Evaluation  of  a South 
American  isolate  of  leishmania  from  Rattus  rattus  in  experimental  hosts; 

9)  Evaluation  of  rodents  as  experimental  hosts  for  New  World  cutaneous 
leishmaniasis  (Leishmania  braziliensis ; 10)  Pathology  of  chronic  Trypanosoma 
rhodesiense  infection  in  mice  (C57BL/6J  strain);  11)  The  pathology  of 
Rickettsia  rickettsii  in  dogs;  12)  Comparative  histochemistry  of  Schistosoma; 
13)  Pathology  of  IA-4-N-0xide  treated  Schistosoma  man son i infected  rhesus 
monkeys;  14)  Etiology  of  spontaneous  glomerulonephritis  in  Aotus  monkeys; 

15)  Clinical  pathology  studies  of  the  Aotus  monkey;  16)  Effects  of  increased 
dietary  fiber  on  zinc  and  magnesium  levels  in  human  volunteers;  17)  Investi- 
gation of  spontaneously  occurring  thymic  necrosis  in  suckling  mice;  18)  Histo- 
pathology of  activity-stress  ulcers  in  rats;  19)  TransAmazon  epidemiological 
survey;  20)  Wildlife  disease  surveys;  and  21)  Pathology  in  rats  with  tempo- 
rary loss  of  the  micturation  reflex  after  destruction  of  the  nucleus  of  the 
locus  coeruleus. 
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1.  Pathology  of  Trypanosoma  rhodesiense  Infection  in  C4-deficient  Guinea 

Pigs  and  Those  With  a Normal  Complement  System. 

Recently,  Nagle,  et^  al_.  (1974)  described  a proliferative  glomerulo- 
nephritis in  rhesus  monkeys  infected  with  Trypanosoma  rhodesiense.  The 
renal  lesion  was  associated  with  depression  of  the  serum  level  of  comple- 
ment and  complement  component  C3  but  not  C4  and  deposition  of  complement 
components  and  immunoglobulins  in  the  mesangium  and  basement  membrane  of 
glomeruli.  Both  the  changes  in  complement  components  and  immunoglobulins 
in  glomeruli  indicated  that  principally  the  alternate  pathway  of  comple- 
ment activation  was  involved  as  the  effector  system  in  the  production  of 
the  glomerulonephritis. 

To  acquire  additional  information  on  the  role  of  complement  activa- 
tion by  the  "alternative  pathway"  in  trypanosomal  induced  glomerulone- 
phritis, C4-deficient  guinea  pig  mutants  infected  with  Trypanosoma 
rhodesiense  were  employed.  Using  C4-deficient  animals  it  is  possible  to 
see  if  the  glomerulonephritis  can  develop  in  the  absence  of  the  "classic 
pathway"  of  complement  activation  which  requires  C4.  The  study  involved 
light  and  electron  microscopic  analysis  of  the  glomerular  injury,  immuno- 
histochemical  localization  of  complement  components  and  immunoglobulins 
within  the  mesangium  and  glomerular  basement  membrane,  and  serum  levels 
of  total  complement  and  complement  components  of  C4-deficient  mutants  and 
parental  normal  guinea  pigs. 

Summary  of  Results:  By  light  and  electron  microscopic  analysis  the  onset, 
nature  of  injury  and  severity  of  the  glomerulonephritis  were  remarkably 
similar  in  both  C4-deficient  and  normal  guinea  pigs.  Immunohistochemistry 
revealed  deposits  of  complement  components  and  immunoglobulins  in  the  glo- 
merular basement  membrane  and  mesangium  of  glomeruli.  C4-deficient  animals 
differed  by  not  having  C4  deposits.  The  serum  levels  of  total  complement 
and  complement  components  were  depressed,  elevated  or  remained  normal  in 
both  infected  C4-deficient  and  normal  guinea  pigs.  No  serum  C4  was  detected 
in  C4-deficient  animals. 

The  study  is  completed  and  the  results  are  being  assembled  for  publication. 

2.  Pathogenesis  of  Trypanosoma  rhodesiense  in  Dogs. 

This  study  was  conducted  to  evaluate  the  gross  pathology,  histopathology , 
clinical  pathology,  immunopathology  and  electron  microscopic  pathology  of 
Trypanosoma  rhodesiense  infection  in  the  dog  and  its  pathogenesis. 

Acute  studies  (less  than  21  days)  have  been  completed.  The  gross  path- 
ology, histopathology,  clinical  pathology  and  coagulation  results  in  the 
animals  have  indicated  a disease  syndrome  occurs  similar  to  that  of  man 
and  other  species  infected  with  Trypanosoma  rhodesiense.  The  findings  in- 
dicate a generalized  systemic  disease  with  the  outstanding  lesions  being  a 
pancarditis,  generalized  vasculitis,  myositis,  splenitis,  lymphadenitis  and 
a proliferative  glomerulonephritis.  Those  findings  and  the  severe  thrombo- 
cytopenia suggest  the  possibility  of  an  active  immunologic  phenomenon  occur- 
ring in  dogs. 

Chronic  studies  are  underway  to  determine  the  progression  of  the  lesions 
and  further  define  the  pathogenesis. 
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3.  Electron  Microscopic  Study  of  Central  Nervous  System  and  Renal 

Injuries  in  Cattle  Experimentally  Infected  with  Trypanosoma  congolense. 

African  trypanosomiasis  of  domesticated  animals  is  characterized  by 
irregular  fever,  anemia,  emaciation,  subcutaneous  edema,  weakness,  some- 
times photophobia,  and  death.  Death  may  follow  an  acute  illness  or  after 
a prolonged  course  during  which  insiduous  body  wasting  and  weakening  are 
the  major  features.  The  causative  agents  in  these  trypanosomal  infections 
have  been  Trypanosoma  congolense,  T.  vivax,  and  T.  brucei . Trypanosoma 
brucei  is  the  type-species  for  T.  rhodesiense  and  T.  gambiense,  the  causa- 
tive agents  of  trypanosomiasis  in  man.  Recently,  it  has  been  determined 
that  T.  rhodesiense  occurs  in  cattle.  The  biologic  behavior  of  T.  congolense 
differs  from  that  of  T.  rhodesiense  in  the  bovine  host  and  hence  the  patho- 
genesis of  the  lesions  induced  by  this  trypanosome  may  differ.  By  light 
microscopy  a definite  difference  can  be  recognized  in  the  brain  lesion  between 
T.  congolense  and  T.  rhodesiense. 

The  purpose  of  this  study  is  to  analyze  the  pathogenesis  of  T.  congolense 
induced  brain  and  kidney  injury  and  subsequently  compare  this  with  the  patho- 
genesis of  injury  induced  by  T.  rhodesiense.  Light  microscopy,  electron  mi- 
croscopy, immunofluorescence  microscopy.  Immunohistochemistry  and  histochem- 
istry will  be  utilized  during  this  analysis.  This  study  is  approximately 
50%  completed. 

4.  Ultrastructural  Neuropathology  Induced  In  Mice  By  Trypanosoma  congolense. 

In  a feasibility  study  to  acquire  information  on  the  neuropathology  in 
trypanosomal  induced  meningoencephalitis,  mice  were  infected  with  Trypanosoma 
congolense.  Light  and  electron  microscopic  techniques  were  employed  to  ex- 
amine the  sequential  neurologic  injury. 

It  was  determined  that  trypanosomes  marginated  and  adhered  to  vascular 
endothelium  before  damage  to  these  lining  cells  and  leakage  of  the  vascular 
wall  occurred.  Margination  and  adhesion  of  trypanosomes  to  the  vascular 
endothelium  was  observed  as  early  as  45  hours  postinfection.  It  maximizes 
during  high  gamma  globulin  production.  Vascular  leakage  preceded  perivascu- 
lar exudation,  cellular  infiltration  and  injury  to  the  adjacent  parenchymal 
tissue. 

This  study  has  been  completed  and  preparation  of  a manuscript  has  been 
initiated. 

To  accurately  determine  the  time  interval  of  blood-brain  barrier  damage 
sufficient  to  allow  leakage  in  T.  congolense  infected  mice  a fluorescent 
dye  was  injected  and  brains  from  infected  mice  were  examined  daily  with 
fluorescence  microscopy.  This  study  is  two-thirds  completed. 

5.  Pathogenesis  Of  Glomerulonephritis  Induced  In  Cattle  By  Sarcocystis  cruzi. 

Bovine  calves  experimentally  infected  with  Sarcocystis  cruzi  developed  a 
proliferative  glomerulonephritis.  The  glomerular  injury  was  analyzed  by 
light  microscopy,  histochemistry,  electron  microscopy  and  immunofluorescence 
microscopy. 

It  was  determined  that  the  causation  of  the  glomerular  injury  was  immune 
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complexes  deposited  furing  the  course  of  the  Sarcocystis  infection.  The 
lesion  appeared  to  be  transient  in  animals  surviving  the  acute  infection. 

This  project  is  completed  and  manuscript  preparations  await  analysis 
of  serum  complement  levels. 

This  investigation  consists  of  pathology  support  provided  to  the  Animal 
Parasite  Institute  (API),  USDA,  Beltsville,  MD.  This  work  and  similar 
investigations  were  initiated  upon  request  to  this  department  by  API. 

6.  Pathology  of  Experimental  Leishmania  donovani  (Khartoum  strain)  Infec- 
tion In  The  Cynomolgus  Monkey  (Macaca  fasicularis) . 

The  Leishmania  donovani  (Khartoum  strain) --hamster  model  is  being  used 
in  a primary  drug  screen  to  test  candidate  anti-leishmanial  drug  efficacy. 
Over  a 2h  year  period,  94  of  approximately  1170  drugs  tested  were  found  to 
have  activity  equal  to  or  greater  than  that  of  the  index  drug  Glucantime. 

Studies  were  initiated  in  collaboration  with  the  Division  of  Medicinal 
Chemistry  and  the  Department  of  Parasitic  Diseases,  WRAIR,  to  develop  a 
cynomolgus  monkey  model  in  which  the  promising  candidate  anti- leishmanial 
drugs  could  be  further  tested  against  leishmanial  infections.  One  previous 
study  indicated  that  infections  with  Leishmania  donovani  (Khartoum  strain) 
could  be  induced  in  cynomolgus  monkeys  with  clinical  signs  and  anatomic 
pathology  remarkably  similar,  in  most  instances,  to  the  natural  disease 
described  from  infected  human  beings.  Another  study  indicated  that  another 
commonly  used  strain  of  Leishmania  donovani,  the  Hm  strain  (a  Mediterranean 
strain)  was  less  pathogenic  in  cynomolgus  monkeys  than  the  Khartoum  strain 
and  therefore  less  suitable  for  the  development  of  a monkey  model.  A third 
study  was  conducted  to  determine  the  maximum  tolerated  dose  of  the  index 
drug  Glucantime  that  could  be  used  in  future  efficacy-comparability  studies 
with  candidate  drugs. 

A current  study  is  designed  to:  1)  verify  previously  observed  clinical 
signs  and  anatomic  pathology;  2)  collect  additional  baseline  data,  particu- 
larly clinical  pathology;  3)  determine  the  efficacy  of  the  index  drug 
Glucantime  at  different  dose  levels  in  curing  or  suppressing  leishmanial 
infections  in  cynomolgus  monkeys;  and  4)  determine  the  toxicity  of  the 
index  drug  at  different  dose  levels. 

Preliminary  results:  All  cynomolgus  monkeys  inoculated  with  Leishmania 
donovani  (Khartoum  strain)  developed  infections.  The  infections  were  ac- 
companied by  characteristic  clinical  signs  and  changes  in  hemograms  and 
serum  chemistries,  although  the  changes  were  more  variable  and,  on  the 
average,  less  severe  than  expected.  Two  of  the  4 infected,  untreated  ani- 
mals died  of  leishmaniasis.  One  of  the  infected,  treated  animals  died  3 
days  after  treatment  with  50  mg  antimony  base  of  Glucantime  per  kilogram 
per  day  was  begun.  All  of  the  remaining  animals  have  apparently  recovered 
fully  from  their  infections  since  parasites  are  no  longer  detectable  by 
culture  or  by  microscopic  examination  of  impressions  prepared  from  liver 
and  bone  marrow  biopsies.  The  apparent  self-cure  of  the  infected,  untreated 
animals  may  indicate  that  the  cynomolgus  is  not  a good  model  for  studying 
the  therapeutic  efficacy  of  prospective  anti- leishmanial  compounds.  Studies 
which  will  evaluate  their  immune  system,  especially  to  determine  if  they 
have  circulating  antibodies  against  Leishmania  donovani  prior  to  the  experi- 
mental exposure,  are  needed.  Examining  the  infection  in  different  age 
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groups  may  give  additional  information  on  their  susceptibility  to  severe 
leishmanial  disease.  Since  all  cynomolgus  monkeys  inoculated  with  the 
Khartoum  strain  acquired  infections,  the  use  of  this  species  as  a model 
for  studying  prophylactic  efficacy  of  prospective  anti- leishmanial  com- 
pounds appear  feasible. 

7.  The  African  White-tailed  Rat  (Mystromys  albicaudatus)  As  An  Animal 
Model  For  South  American  Cutaneous  Leishmaniasis. 

In  collaboration  with  the  Department  of  Biology,  WRAIR. 

The  gross  and  histopathologic  changes  of  the  cutaneous  lesions  of 
Leishmania  braziliensis  panamanensis  were  observed  in  Mystromys  albicaudatus. 


This  strain  of  Leishmania,  originally  isolated  from  a human  being  on  NNN 
media,  was  inoculated  into  hamsters,  reisolated,  frozen  and  maintained  at 
-170°C  until  used  in  this  study.  The  promastigotes  used  in  the  inoculum 
were  propagated  in  Schneider's  insect  media.  Necropsies  were  performed  24, 
48  and  72  hours  postinoculation,  and  sequentially  every  two  weeks  for  twelve 
weeks.  An  indurated  ulcerative  lesion  similar  to  American  cutaneous  leish- 
maniasis of  man  developed  in  all  infected  animals.  Regional  lymphadenopathy 
was  observed  one  month  postinoculation. 

Thus,  the  African  white-tailed  rat  (Mystromys  albicaudatus)  becomes  the 
first  reliable  animal  model  of  New  World  cutaneous  leishmaniasis,  L.  b. 
panamanensis. 

8.  Evaluation  Of  A South  American  Isolate  of  Leishmania  From  Rattus  rattus 
In  Laboratory  Animal  Models. 

In  collaboration  with  the  Department  of  Biology,  WRAIR. 

This  isolate  of  Leishmania  was  made  from  a rat  in  Honduras  where  the 
last  human  death  of  New  World  visceral  leishmaniasis  occurred.  This  iso- 
late is  currently  being  characterized  in  laboratory  animal  models. 

9.  Evaluation  of  Rodents  As  Experimental  Hosts  For  New  World  Cutaneous 
Leishmaniasis  (Leishmania  braziliensis). 


In  collaboration  with  the  Division  of  Medicinal  Chemistry,  WRAIR. 

Laboratory  animals  (mice,  rats  and  chinchillas)  have  been  experimentally 
inoculated  with  Leishmania  braziliensis  to  determine  their  value  as  an  ani- 
mal model  to  study  cutaneous  leishmaniasis  induced  by  L^.  braziliensis. 

This  experimental  work  is  in  progress.  The  inoculated  animals  are  being 
evaluated. 

10.  Pathology  Of  Chronic  Trypanosoma  rhodesiense  Infection  In  Mice  (C57BL/6J 

strain) . 

In  collaboration  with  the  Department  of  Immunology,  WRAIR. 

The  need  for  a laboratory  rodent  model  to  study  chronic  Trypanosoma 
rhodesiense  infection  is  well -recognized  and  well-publicized.  Recently,  it 
was  determined  by  investigators  in  the  Department  of  Immunology,  WRAIR,  that 
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C57BL/6J  strain  mice  developed  chronic  trypanosomiasis  when  exposed  to 
T.  rhodesiense. 


The  current  study  employing  light  and  electron  microscopy,  immuno- 
fluorescence microscopy,  histochemistry  and  immunohistochemistry  will 
evaluate  the  pathogenesis  of  this  chronic  infection  in  mice.  This  study 
is  approximately  50%  completed. 

11.  The  Pathology  Of  Rickettsia  rickettsii  In  Dogs. 

Dogs  infected  with  Rickettsia  rickettsii  developed  a generalized 
infection  characterized  by  fever,  malaise,  prostration,  skin  lesions 
and  enlargement  of  the  spleen  and  liver.  Microscopically,  endothelial 
cells  of  small  blood  vessels  were  swollen,  necrotic  and  accompanied 
thrombosis  of  the  vessels.  Vascular  lesions  were  prominent  in  the  skin, 
but  vasculitis  occurred  in  many  organs.  In  the  brain  aggregations  of 
lymphocytes,  polymorphonuclear  leukocytes,  and  macrophages  were  associ- 
ated with  blood  vessels  of  the  gray  matter.  The  small  blood  vessels  of 
the  heart  were  similarly  involved. 

This  study  is  completed  and  a manuscript  is  being  prepared  for 
publication. 

12.  Comparative  Histochemistry  Of  Schistosoma. 

This  study  has  been  completed  after  the  examination  of  eight  species 
of  schistosomes  in  one  or  more  of  six  host  species.  In  addition  to  H§E 
evaluation,  three  acid-fast  staining  methodologies  were  evaluated.  Only 
S.  mansoni  was  uniformly  positive  and  then  the  lateral  spine  was  the  most 
intensely  stained  portion.  S^.  japonicum  and  i5.  intercalatum  were  not 
positive  in  our  study  in  contrast  to  other  reports  in  the  literature.  Our 
conclusion  is  that  while  the  acid-fast  stain  may  be  of  confirmatory  use  in 
some  cases,  it  is  not  a useful  method  for  routine  screening  and  precise 
diagnosis  of  field  cases. 

13.  Pathology  Of  IA-4-N-0xide  Treated  mansoni  Infected  Rhesus  Monkeys. 

Phase  I is  completed  and  was  published  in  the  September  1977  issue  of 
Trop.  Med.  Hyg.  This  collaborative  study  is  being  conducted  with  the 
Department  of  Parasitic  Diseases,  DCD&I,  and  the  Department  of  Biology, 
Division  of  Medicinal  Chemistry,  WRAIR.  Phase  I documented  the  effects 
of  IA-4-N-0xide,  an  Hycanthone  analog,  administered  orally  vs  intramus- 
cularly and  prophylactically  vs  therapeutically.  Therapeutic  treatment 
by  either  route  is  highly  effective. 

Phase  II  is  also  completed  and  a manuscript  is  in  preparation.  This 
study  compared  the  efficacy  of  IA-4-N-0xide  with  IA-3-N-0xide,  another 
analog  of  Hycanthone,  which  is  cheaper  and  can  be  produced  in  greater 
quantity.  Results  indicate  that  IA-3-N-0xide  is  equally  as  effective 
when  given  therapeutically  either  orally  or  intramuscularly. 

Phase  III  is  in  progress  and  is  designed  to  test  the  efficacy  of  IA-4- 
N-Oxide  against  the  Lowell  strain  of  £.  mansoni  since  at  present  there  is 
conflicting  data  available  concerning  the  efficacy  of  this  drug.  This 
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project  is  being  conducted  concurrently  with  one  at  Lowell  University  using 
the  WRAIR  strain  of  £.  mans on i in  Cebus  apella,  the  Lowell  host  system. 

14.  Etiology  Of  Spontaneous  Glomerulonephritis  In  Aotus  Monkeys. 

Gross  and  histopathologic  examination  of  Aotus  monkeys  dying  spon- 
taneously in  the  WRAIR  colony  have  revealed  a high  incidence  of  severe 
proliferative  glomerulonephritis.  Further  analysis  of  the  glomerulone- 
phritis indicate  that  it  is  of  immune  complex  origin.  In  collaboration 
with  the  Department  of  Animal  Resources  and  the  Department  of  Immunology, 
WRAIR,  efforts  are  currently  in  progress  to  determine  the  etiology  of  this 
immune  complex  disease. 

15.  Clinical  Pathology  Studies  Of  The  Aotus  Monkey. 

In  collaboration  with  the  Division  of  Veterinary  Resources,  a project 
is  underway  to  define  the  hematological  and  serum  chemistry  characteristics 
of  the  Aotus  monkey.  This  data  is  currently  unavailable  and  will  form  the 
basis  for  making  clinical  interpretations  of  the  WRAIR  Aotus  colony  and 
will  assist  investigators  involved  in  the  study  of  glomerulonephritis  and 
gram  negative  sepsis  in  this  colony. 

To  date  some  300  samples  have  been  analyzed  and  the  data  is  being  evalu- 
ated. In  addition  to  routine  hematology  and  clinical  chemistry  analyses, 
serum  electrophoretic  studies  are  ongoing  and  hemoglobulin  electrophoretic 
studies  are  in  the  pilot  stage. 

16.  Effects  Of  Increased  Dietary  Fiber  On  Zinc  And  Magnesium  Levels  In 

Human  Volunteers. 

In  collaboration  with  the  Food  and  Drug  Administration  and  the  Armed 
Forces  Institute  of  Pathology,  a study  was  conducted  to  determine  the  ef- 
fects of  increased  dietary  fiber  on  zinc  and  magnesium  levels.  Additional 
hematological  and  clinical  chemistry  parameters  were  monitored  during  the 
study  to  protect  the  interests  of  the  volunteers  and  maximize  the  knowledge 
gained  concerning  the  effects  of  fiber  intake. 

The  study  is  complete  and  the  data  is  being  analyzed  at  present. 

17.  Investigation  Of  Spontaneously  Occurring  Thymic  Necrosis  In  Suckling  Mice. 

This  study  was  initiated  in  an  effort  to  determine  the  etiologic  agent (s) 
responsible  for  a natural  outbreak  of  thymic  necrosis  in  3 to  6 day  old  mice 
from  the  WRAIR  mouse  production  unit.  Thirty-six  litters  having  spontaneous 
deaths  within  24  hours  were  screened  histopathological ly  and  tissues  were 
saved  for  electron  microscopic  and  immunofluorescent  antibody  studies.  Test 
procedures  are  currently  being  implemented  to  detect  the  presence  of  a sus- 
pected viral  infection. 

18.  Histopathology  Of  Activity-Stress  Ulcers  In  Rats. 

This  study  has  been  completed  and  a manuscript  titled,  "A  Microscopic 
Examination  of  the  Activity-Stress  Ulcer  in  the  Rat",  has  been  submitted  to 
the  Journal  of  Physiology  and  Behavior  for  publication. 


19.  TransAmazon  Epidermiological  Survey. 

To  date  600  rodents,  marsupials,  bats  and  other  miscellaneous  mammals 
have  been  examined  histologically.  The  report  of  histological  lesions 
has  been  furnished  the  WRAIR  Team-Belem,  with  a summary  of  etiologic 
agents  observed  and  comments  on  future  studies.  This  completes  Phase  I. 

Specific  plans  are  being  formulated  to  examine  another  group  of 
specimens  and  to  selectively  collect  specimens  of  Proechimys  sp.  This 
particular  rodent  has  a high  prevalence  of  pulmonary  adenomatosis  (mini- 
mum prevalence  - 23%)  and  a corresponding  rate  of  infection  with  an  uni- 
dentified larval  nematode  (minimum  prevalence  - 28%).  Many  of  the  hyper- 
plastic/neoplastic nodules  have  one  or  more  sections  of  larval  nematode 
within  the  lesion.  Of  99  lungs  observed  15  (15%)  had  both  adenomatosis  and 
larval  nematode  in  the  same  section.  Had  multiple  or  step  section  been  pre- 
pared of  blocks  on  hand,  the  prevalence  of  adenomatosis  and  correlation  of 
nodules  and  parasites  would  undoubtedly  be  higher.  It  will  be  important 
to  document  this  relationship  since  few  parasites  are  known  carcinogenic 
agents  and  can  be  utilized  as  research  models. 

20.  Wildlife  Disease  Surveys. 

Collaborative  support  is  being  provided  for  projects  based  at  Ft. 

Stewart,  GA  and  Ft.  Bragg,  NC.  Two  hundred  thirty-seven  animals  were 
surveyed  during  the  1976-77  hunting  season  and  the  tissues  are  being  evalu- 
ated. Correlation  of  histology  and  serology  data  is  underway  in  an  attempt 
to  compile  a comprehenvise  picture  of  the  zoonotic  disease  trends  at  Ft. 
Stewart  and  Ft.  Bragg. 

21.  Pathology  In  Rats  With  Temporary  Loss  Of  The  Micturation  Reflex  After 

Destruction  Of  Areas  In  The  Region  Of  The  Nucleus  Of  The  Locus  Coeruleus. 

Gross  and  microscopic  pathology  support  is  being  provided  the  Department 
of  Microwave  Research  in  their  studies  of  the  various  behavioral  and  physio- 
logic changes  occurring  in  rats  after  destruction  of  various  specific  areas 
in  the  region  of  the  nucleus  of  the  locus  coeruleus.  The  support  is  currently 
limited  to  those  animals  demonstrating  temporary  loss  of  the  micturation  re- 
flex. Clinical  changes  seen  are  distended  abdomens,  urine-soaked  peri-anal 
and  posterior  abdominal  areas,  hematuria,  hemorrhagic  anogenital  organs,  and 
behavioral  changes  characterized  by  biting  and  manipulating  the  anogenital 
area  in  apparent  attempts  to  expel  urine  from  the  urinary  bladders.  Gross 
pathologic  changes  seen  are  distended  urinary  bladders  containing  bloody 
urine  and  hemorrhagic  penises  and  penile  sheaths.  To  date,  tissues  from 
eleven  affected  animals  have  been  collected,  processed  and  are  being  evalu- 
ated. 
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23.  (U)  The  objective  of  this  program  is  to  develop  an  effective,  practical  vaccine 
against  African  trypanosomiasis,  useful  to  both  military  and  civilian  agencies.  Re- 
lated benefits  include  acquisition  of  knowledge  pertaining  to  trypanosome  immunity, 
host  response  and  pathology  of  infection.  There  is  a requirement  for  these  studies 
which  should  provide  a basis  for  rational  development  of  a vaccine  for  this  disease 
which  would  constitute  a serious  hazard  for  military  personnel  operating  in  the 
endemic  area. 

24.  (u)  Experiments  conducted  at  WRAIR  and  in  Kenya  have  demonstrated  that  experimental 
animals  can  be  successfully  immunized  with  irradiated  trypanosomes.  Rodents,  cattle 
and  monkeys  can  be  rendered  completely  resistant  to  a challenging  infection  of  T. 
rhodesiense.  Partial  immunity  has  been  achieved  against  T.  congolense. 

25.  (U)  76  07  - 77  09  Continuing  studies  in  Lambwe  Valley,  Western  Kenya,  show  that 
18  of  31  and  21  of  29  isolates  from  humans  over  a 7-year  period  are  neutralized  by 
two  antisera,  respectively.  Five  of  27  isolates  from  bovines  also  were  neutralized 
by  one  antiserum.  This  indicates  that  stability  of  antigenic  types  has  persisted 
throughout  this  period  and  that  cattle  are  a reservoir  host  in  the  valley.  Complete 
resistence  to  T.  congolense  has  been  achieved  by  repeated  infection  and  cure.  This 
immunity  appears  to  be  maintained  after  both  syringe  and  tsetse  fly  challenge.  This 
research  is  complementary  to  DAOB  7521,  Work  Unit  096  entitled  study  of  African 
Trypanosomiasis. for  technical  report  see  Walter  Reed  Army  Institute  of  Research  Annual 
Progress  Report  1 July  - 30  Sept.  77. 
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SECTION  A 

ANTIGENIC  RELATIONSHIPS  BETWEEN  ORGANISMS  OF  THE  TRYPAN  QSOMA 
BRUCEI  SUBGROUP  IN  THE  LAMBWE  VALLEY,  SOUTH  NYANZA , KENYA 

PROGRAM  AND  BACKGROUND:  To  determine  the  extent  of  antigenic  vari- 
ability in  trypanosomes  of  the  T.  brucei  group  collected  from  man  and 
animals  in  the  Lambwe  Valley.  T.  rhodesiense  is  endemic  in  the  Valley 
causing  periodic  disease  in  man.  Domestic  and  game  animals  harbor  the 
morphologically  indistinguishable  IL  brucei . This  project  is  designed 
to  study  reactions  of  various  antisera  to  determine  the  variability  of 
different  antigenic  types  within  the  parasitic  population.  The  find- 
ings will,  in  part,  determine  whether  or  not  immunization  could  be  a 
practical  means  of  controlling  the  disease.  Trypanosomes  collected 
from  adjacent  countries  will  also  be  studied  to  determine  the  geographic 
extent  of  similar  antigenic  types.  The  antigenic  relationship  between 
the  parasites  of  man  and  animals  of  these  areas  will  also  be  examined. 
Immunization  against  African  trypanosomiasis  appears  to  be  dependent  in 
large  part  oh  the  number  of  antigenic  types  of  the  parasite  found  in  a 
given  area.  Gray  (1970)  examined  the  same  herd  of  cattle  for  five  years 
in  Nigeria  and  reported  the  presence  of  numerous  different  antigenic 
types  of  T.  brucei . However,  while  working  with  T.  gambiense  isolated 
from  different  endemic  areas  in  Nigeria,  he  found  similarity  of  basic 
antigenic  types  (Gray  1972,  1975).  In  Lambwe  Valley  human  rhodesian 
sleeping  sickness  is  endemic  and  domestic  and  game  animals  harbor  T. 
brucei.  Since  the  trypanosomes  of  man  and  animals  are  morphologically 
indistinguishable,  their  relationship  to  each  other  remains  questionable. 
In  hearby  Alego  Station  T.  brucei-like  organisms  were  isolated  from  cattle 
and  transmitted  to  human  volunteers.  These  people  developed  typical  T. 
rhodesiense- like  infections  (Onyango  1966) . 

PROGRESS:  Isolates  of  the  T.  rhodesiense  parasites  were  collected  from 

patients  at  the  Homa  Bay  Hospital  on  Lake  Victoria,  western  Kenya,  by 
members  of  the  Kenya  Medical  Department.  Blood  was  injected  IP  into  rats 
which  were  then  transported  to  us  for  study.  Two  strains  of  T.  rhodes- 
iense from  Gambella,  Ethiopia,  were  collected  by  the  US  Navy  Research 
Unit,  Addis  Ababa,  Ethiopia.  Isolates  of  trypanosomes  were  tested  by 
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neutralization  (Soltys  1957)  with  antiserum  collected  from  bovines  which 
had  undergone  long-term  infections  with  various  isolates.  To  date,  46 
isolates  of  rhodesiense  have  been  acquired  from  trypanosomiasis  patients 
in  the  valley.  The  dates  of  isolation  range  from  1970  until  the  present 
time.  Two  antisera  have  been  used  to  assay  these  isolates:  one  from 
an  animal  infected  with  an  isolate  made  in  1972  and  the  other  from  an 
animal  infected  with  a strain  obtained  in  1974.  The  duration  of  infection 
in  the  two  serum  donor  animals  was  227  and  279  days , respectively . Twenty 
two  of  thirty  five  isolates  (62.8%)  tested  were  neutralized  by  the  first 
antiserum  while  the  second  antiserum  neutralized  23  of  31  isolated  (74.2%) 
tested  thus  far.  Eighteen  isolates  were  neutralized  by  both  antisera 
while  5 isolates  did  not  react  with  either  antiserum.  rhodesiense 

isolates  from  Ethiopia  and  two  different  areas  in  Kenya  do  not  appear  to 
react  with  either  antiserum  prepared  against  Lambwe  Valley  isolates. 

During  the  past  year  a number  of  cases  of  trypanosomiasis  were 
reported  from  an  area  in  Kenya  near  the  Uganda  border.  We  obtained  three 
isolates  from  humans  and  8 T_;_  brucei  isolates  from  cattle  in  the  same  area. 
An  antiserum  prepared  against  one  of  the  human  isolates  neutralized  all 
three  isolates  from  humans.  When  tested  against  four  of  the  T^  brucei 
isolates  from  cattle, the  antiserum  neutralized  all  of  them. 

When  isolates  of  T\_  brucei  from  cattle  in  Lambwe  Valley  were  tested, 
the  antiserum  showed  a strong  effect  on  5 of  25  isolates.  No  parasites 
appeared  in  mice  given  trypanosomes  incubated  with  immune  serum  at  any 
dilution.  Two  other  isolates  were  neutralized  at  lo^  and  belowj  however, 
mice  at  lo^  were  positive.  The  nature  of  this  partial  reaction  is  un- 
known but  these  isolates  will  be  retested.  It  is  reasonable  to  assume 
that  these  reacting  parasites  from  cattle  are  rhodesiense  since  the 
neutralization  test  is  variant  specific.  The  percentage  of  cattle 
parasites  which  react  with  the  antibody  is  surprising  and  indicates  that 
cattle  may  be  a more  important  aspect  in  the  cycle  of  the  disease  than 
previously  thought. 
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STUDIES  ON  TRYPANOSOMA  RHODES IENSE  IN  CATTLE 

PROGRAM  AND  BACKGROUND.  During  our  initial  immunological  studies  of 
the  irradiated  vaccine  and  antiserum  production  in  cattle,  we  noted 
that  some  animals  underwent  a severe  form  of  disease.  In  general  T. 
rhodesiense  has  been  reported  as  being  non-pathogenic  for  cattle.  We 
have , therefore, carried  out  additional  experiments  to  confirm  our 
original  findings  and  to  compare  the  disease  process  in  bovines  with 
that  which  occurs  in  man. 

PROGRESS.  Ten  animals  in  our  study  developed  disease  characterized 
by  weight  loss,  fever,  pleocytosis  and  CNS  disorders.  Uncoordinated 
movements,  circling  and  opisthotonus  were  observed  (Table  IB) . Fever 
and  leucopenia  were  common  during  the  onset  of  patent  parasitemia  and 
were  followed  by  a leucocytosis . Terminal  WBC  levels  were  somewhat 
reduced  (Table  2B) . Generally,  there  was  an  increase  in  packed  cell 
volumes  early  in  the  disease  although  mild  to  moderate  anemia  developed 
as  the  infection  progressed.  Cerebrospinal  fluid  from  infected  animals 
had  increased  levels  of  leucocytes  made  up  primarily  of  lymphocytes. 

Total  protein  levels  of  cerebrospinal  fluid  were  also  increased.  Gamma 
globulin  was  detected  by  electrophoresis  and  spinal  fluid  was  positive 
for  complement  fixing  antibody. 

Five  additional  bovines  were  autopsied  during  the  period  of  this 
report.  Gross  observations  as  documented  in  our  previous  progress  re- 
port included  thickened  dull  grey  meninges  over  the  dorsal  aspects  of 
the  brain  and  prominent  lymph  and  hemolymphadenopathy . Histologically 
severe  meningoencephalitis  remains  the  salient  histological  feature. 

The  results  are  summarized  in  Table  3B.  The  most  severe  changes  are 
noted  in  the  white  matter  of  the  central  nervous  system  where  mixed 
perivascular  plasmacytic  and  lymphocytic  infiltrates  and  focal  and 
diffuse  gliosis  are  important  features.  Demyelination  is  almost 
exclusively  limited  to  perivascular  areas.  Although  involvement  of  the 
spinal  and  peripheral  nerves  is  minimal,  limited  infiltrates  of  in- 
flammatory cells  in  the  neural  sheath  and  perivascular  spaces  can  be 
found  on  thorough  search.  Of  interest,  in  three  animals  autopsied  be- 
tween 84  and  108  days  post  inoculation  a moderate  to  severe  pancarditis 
was  found.  Myocyto lysis  and  sarcolemmal  cell  hyperplasia  accompanied  by 
infiltrates  of  macrophages,  lymphocytes  and  plasma  cells  were  evident. 

The  epicardium  and  endocardium  also  had  infiltrates  of  inflammatory  cells. 
The  lungs  of  these  animals  had  large  numbers  of  hemosiderin  laden 
macrophages  in  the  alveolar  walls.  Pulmonary  hemosiderosis  is  frequently 
associated  with  cardiac  insufficiency. 
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The  presence  of  severe  meningoencephalitis  with  the  most  extensive 
lesions  in  the  white  matter  of  the  central  nervous  system  in  our  material 
is  compatable  with  the  leukoencephalitis  observed  in  humans  with  chronic 
trypanosomiasis  (Caldwell,  1937;  Manuelidis,  1967).  The  findings  of 
myocardial  lesions  in  our  animals  that  died  after  a relatively  short 
clinical  course  is  similar  with  the  cardiac  syndrome  associated  with 
acute  T\_  rhodesiense  infections  of  man  (Ormerod,  1970) . 

Detection  of  parasites  in  T\_  rhodesiense  infected  cattle  is 
difficult  after  the  fourth  month  of  infection  if  one  relies  on  sub- 
inoculation of  blood  into  rats.  Small  quantities  of  lymph  node  aspirate 
(usually  less  than  O.lcc  expanded  in  l.Occ  of  10%  fetal  calf  serum) 
injected  into  rats  appears  to  be  a more  effective  method  if  isolating 
the  parasite  late  in  the  course  of  infection.  Examination  of  Giemsa- 
stained  lymph  node  smears  is  also  less  efficient  than  lymph  node  aspirate 
subinoculation.  The  results  between  15-30  months  post  inoculation  are 
included  in  Table  4B.  The  lymph  node  aspirate  technique  may  be  a use- 
ful adjunct  in  the  detection  of  infections  in  the  field  and  the  detection 
of  infection  in  animals  to  be  used  in  future  immunization  studies.  The 
detection  of  parasites  in  lymph  node  aspirates  of  our  animals  for  lengthy 
periods  is  not  unlike  the  persistence  of  infection  in  chronic  human 
trypanosomiasis . 


PATHOGENIC  INFECTIONS  OF  TRYPANOSOMA  RHODESIENSE  IN  CATTLE 


TABLE  2B 


LEUCOCYTES  IN  TRYPANOSOMA  RHODES IENSE  INFECTED  CATTLE  (xlOOO) 


ANIMAL 

NUMBER 


PRE 

INFECTION 


SECOND  HIGHEST  VALUE  TERMINAL  VALUE 

WEEK  (AND  DAY)  (AND  DAY) 


17.9 

(25) 

15.1 

(108) 

34.3 

(51) 

18.7 

(551) 

18.6 

(36) 

10.8 

(179) 

18.8 

(26) 

9.4 

(227) 

20.8 

(558) 

20.7 

(714) 

25.8 

(14) 

15.6 

(279) 

37.2 

(586) 

18.2 

(703) 

19.9 

(25) 

16.1 

(91) 

21.9 

(58) 

15.5 

(84) 

THIRD  WEEK 


TABLE  3B 


ADDITIONAL  COMMENTS  FROM  TABLE  3B 


A.  The  salient  feature  in  the  brain  of  this  case  was  a lymphoplasmacytic 
infiltrate  in  the  meninges  and  perivascularily  at  all  levels  of  the  CNS 
examined.  Only  a few  Mott's  cells  were  found.  Gliosis  was  irregularly 
diffuse  in  the  subcortical  white  matter  with  gemistocytic  astrocytes 
limited  to  a single  section.  The  pituitary  had  a marked  glial-inflammatory 
infiltrate  limited  to  the  neurohypophysis.  Additional  changes  included 
marked  serous  atrophy  and  chronic  inflammation  of  fat  in  the  coronary 
groove  of  the  heart.  A mixed  infiltrate  of  lymphocytes  and  plasma  cells 
were  noted  to  be  most  intense  in  the  myocardial  interstitium  adjacent  to 
the  epi  and  endocardium.  All  lymphoid  organs  were  reactive  with  follicular 
hyperplasia  and  marked  accumulation  of  lymphocytes  and  plasma  cells  in  the 
medullary  sinusoids. 

B.  Lesions  were  most  severe  in  the  subcortical  white  matter  but  extensive 
lesions  were  present  in  the  grey  matter  as  well.  Marked  cystic  cavita- 
tions primarily  surrounding  blood  vessels  near  the  external  capsule  of 
the  basal  ganglia,  extensive  astrocytosis  of  the  white  matter  and 
exaggerated  sulci  indicates  marked  cerebral  atrophy.  The  inflammatory 
reaction  was  mainly  plasmacytic  and  Mott's  cells  were  numerous. 

C.  Lesions  in  the  brain  sections  examined  were  most  severe  in  the  white 
matter  of  midbrain  and  basal  ganglia.  The  inflammatory  reaction  was 
primarily  lymphocytic.  Mott's  cells  were  infrequent.  The  stroma  of  the 
chorid  plexus  of  the  4th  ventricle  was  edematous  and  the  perivascular 
areas  were  infiltrated  with  lymphocytes. 

D.  The  least  severe  histological  changes  were  found  in  this  case.  The 
inflammatory  reaction  in  the  CNS  was  primarily  lymphocytic. 

E.  The  inflammatory  reaction  was  mixed  plasma-lymphocytic  with  a few  neutro- 
phils, and  most  severe  in  myelinated  areas  of  the  brain.  There  was 
extensive  subpendymal  gliosis,  malacia  and  vacuolation  near  the  lateral 
ventricles . 

F.  The  inflammatory  reaction  was  primarily  lymphocytic  and  much  more  extensive 
in  the  myelinated  portions  of  the  CNS  than  in  the  grey  matter.  Peripheral 
nerve  involvement  was  noted  in  the  optic,  trigeminal,  sciatic  and  brachial 
nerves.  It  consisted  of  a mild  perivascular  and  neural  sheath  infiltrate. 

G.  Lesions  were  most  severe  in  the  subcortical  white  matter,  basal  ganglia 
and  white  matter  of  the  cerebellum.  Salient  features  included  marked  peri- 
vascular infiltrate,  composed  of  lymphocytes,  plasma  cells,  histiocytes 
and  irregular  diffuse  gliosis.  Gemistocytic  astrocytes  were  numerous. 
Occasional  gitter  cells  were  found  in  areas  most  severely  involved.  Large 
lakes  of  proteinaceous  fluid  surrounded  several  arteries.  The  gliosis  in 
the  cortex  was  most  frequently  focal.  Mott's  cells  in  this  case  were  not 
numerous.  Also  in  areas  of  intense  inflammation  reaction,  degeneration 
and  glial  satellitosis  of  neurons  were  occasionally  found.  Marked  reactive 
hyperplasia  of  all  lymphoid  organs  and  mild  pancarditis  were  other  import- 
ant histological  alterations. 
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H.  The  inflammatory  reaction  in  the  brain  was  mixed  plasma  - lymphocytic 
with  a severe  reaction  at  all  levels  of  the  CNS  examined.  Mott's  cells 
were  numerous.  The  most  severe  reactions  were  found  in  the  subcortical 
white  matter  where  the  gliosis  appeared  generally  diffuse  and  perivascular 
infiltrates  extensive.  In  the  cortex  focal  glial  infiltrates  were  found. 

In  the  spinal  cord  the  inflammatory  reaction  was  most  severe  in  the  distal 
lumbar  and  sacral  portions.  Spinal  nerve  involvement  was  limited  to  a 
mild  pial  and  perivascular  infiltrates.  Of  the  peripheral  nerves  examined, 
only  the  brachial  had  a single  small  perivascular  infiltrate. 

I.  The  inflammatory  reaction  in  the  brain  was  limited  to  a moderately  severe 
meningeal  and  perivascular  infiltrate  of  lymphocytes  and  plasma  cells. 

Few  Mott's  cells  were  found.  The  most  interesting  change  was  a severe 
pancarditis.  Extensive  interstitial  infiltrates  in  the  myocardium  appeared 
especially  intense  surrounding  Purkinje  fibers.  Myofibril  degeneration 
with  marked  sarcolemmal cell  proliferation  and  the  presence  of  large  numbers 
of  cardiac  histiocytes  indicates  a reaction  of  long  standing . Chronic 
steatitis  is  evidenced  by  an  infiltrate  of  lymphocytes  and  plasma  cells 
and  clusters  of  reticuloendothial  cells.  The  alveolar  walls  of  the  lung 
were  thickened  and  contained  abundant  iron  positive  brown  pigment.  Reactive 
hyperplasia  was  prominent  in  all  lymphoid  organs  examined. 

J.  The  lesions  in  the  brain  in  this  case  were  minimal  with  the  meninges  and 
perivascular  spaces  in  the  brain  containing  a mild  multifocal  infiltrate 
of  plasma  cells  and  lymphocytes.  The  heart  was  extensively  damaged  and 
the  lesions  characterised  by  focal  myofibril  degeneration  with  accumulation 
of  engorged  macrophages  and  proliferated  sarcolemmal  cells.  Infiltrates 

of  plasma  cells  and  lymphocytes  were  also  noted  multifocally  in  the  mycar- 
dium  as  well  as  the  epi  and  endocardium.  The  lung  was  congested  with 
alveolar  walls  thickened.  Macrophages  in  the  walls  contained  abundant 
iron  positive  pigment. 
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INFECTED  ANIMAL 


SECTION  C 


ANEMIA  IN  TRYPANOSOMA  CONGOLENSE  INFECTED  CATTLE 


A total  of  22  experimental  and  13  control  cattle  were  used  to  study 
the  anemia  caused  by  X-  congolense  infections.  Early  in  the  course 
of  infection  decreases  in  packed  cell  volume,  erythrocyte  concen- 
tration and  hemoglobin  occurred  and  coincided  with  increases  in  both 
mean  corpuscular  volume  (MCV)  and  mean  corpuscular  hemoglobin  (MCH). 

The  indices  reached  the  highest  levels  during  the  period  between  eight 
and  twelve  weeks  after  infection  and  were  accompanied  by  a reticulocyte 
(Ret.)  response.  By  week  20  these  values  (MCV,  MCH,  Ret.)  had  decreased 
to  pre-infection  levels  even  though  the  anemia  persisted  (Table  lc) . 

The  apparent  half  life  of  chromium-51  labelled  erythrocytes  in  infected 
animals  was  approximately  40%  of  that  of  controls  at  eight  weeks.  In 
surviving  animals  the  half  life  gradually  returned  to  normal  as  the 
parasitemia  level  decreased  (Table  2c) . Chromium  was  excreted  in  the 
urine  of  infected  animals  at  higher  levels  than  that  of  controls  in- 
dicating an  excessive  destruction  of  labelled  erythrocytes  and  excretion 
of  chromium  by  the  kidney  (Table  3c) . No  differences  in  chromium  levels 
in  fecal  samples  were  found  between  experimental  and  control  animals 
(Table  4c).  Total  blood  volumes  of  infected  and  control  animals  did 
not  differ  significantly  throughout  the  course  of  infection  (Table  5c). 
Plasma  volumes  of  infected  animals  increased  and  these  animals  under- 
went a corresponding  decrease  in  erythrocyte  volume  (Tables  6c  and  7c) . 
Serum  iron  levels  which  were  elevated  at  eight  weeks  post  infection 
decreased  to  low  levels  by  week  28.  In  surviving  animals  or  after 
treatment,  the  serum  iron  levels  returned  to  normal.  Early  during  the 
infection  the  plasma  iron  turnover  (PIT)  measured  with  iron-59  was 
greater  than  that  of  controls  indicating  increased  erythrocyte  pro- 
duction; however,  by  week  28  the  PIT  was  only  38%  of  that  occurring 
in  controls  indicating  the  presence  of  a severe  dyshemopoiesis  at  this 
time.  Iron-59  incorporation  followed  a similar  pattern.  Whereas  50% 
of  the  injected  dose  of  iron  reappeared  in  controls  in  an  average  of 
6.9  days,  it  took  only  4.9  days  to  appear  in  animals  at  eight  weeks. 
Later, however  (28  weeks), eight  days  were  required  before  50%  of  the 
injected  dose  of  iron  reappeared  in  erythrocytes  in  infected  animals. 

In  surviving  and  treated  animals  PIT’s  returned  to  normal.  Thrombo- 
cytopenia was  found  to  be  a prominent  feature  of  T.  congolense 
infections  in  cattle  and  appears  to  be  inversely  related  to  the  level 
of  trypanosomes  in  the  peripheral  circulation.  Chronically  infected 
animals  with  low  levels  of  parasites  had  less  severe  thrombocytopenia 
and  thrombocytes  were  usually  found  in  normal  or  elevated  numbers  when 
parasites  could  not  be  observed.  Decreased  survival  time  of  chromium- 
51  labelled  thrombocytes  was  found  in  infected  animals.  Chemothera- 
peutic cure  of  animals  with  thrombocytopenia  resulted  in  a rapid 
elevation  of  thrombocyte  levels  to  higher  than  normal  values.  Leucocyte 
concentrations  followed  a similar  but  less  marked  course.  Preliminary 
coagulation  studies  indicated  that  partial  thromboplastin  times  were 
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extended  after  six  weeks  of  infection  and  that  protamine  sulfate  tests 
became  positive.  Fibrinogen  levels  were  lower  but  no  change  was  noted 
in  prothrombin  times.  It  appeared  that  the  spleen  did  not  contribute 
greatly  to  the  breakdown  of  erythrocytes  since  splenectomized  calves 
developed  anemia  at  a similar  rate  to  that  of  non-splenectomized 
controls . 


TABLE  lc 


27 


Infected 

i 

8 

8B 

10 

34 

36 

34 

34.5 

30 

34 

28.5 

31 

26 

29 

26 

30 

20 

27 

23.5 

27.5 

23 

25 

22 

30.5 

22 

21 

24.5 

29.5 

22 

25 

18.5 

24.5 

23 

20.5 

19.5 

25 

24 

21 

17.5 

22.5 

22 

22 

18.5 

22.5 

24 

21 

18.0 

21.5 

24 

23 

15.5 

20 

24 

21 

19.0 

23.5 

24 

22 

22 

24.5 

24 

22 

24 

26.5 

26 

22 

21.5 

27.5 

26 

22 

21 

27.5 

27 

20 

18.5 

24 

27 

19 

18 

25 

25 

19 

22.5 

29.5 

25 

23 

- 

- 

27 

26 

22 

28 

25 

22 

- 

- 

27 

23 

- 

- 

28 

27 

- 

- 

27 

25 

- 

- 

27 

23 

- 

- 

- 

- 

22 

28 

28 

27 

- 

- 

26 

23 

- 

- 

34.6-0. 

30.9- 2 . 
27.7+2. 

24 . 5- 3 . 

25 . 1- 3  . 

24.2- 3. 

22.5- 3. 
22.0-2. 

21.2- 2. 
21.2-1. 
21.1-2. 

20.6- 3. 

21.9- 2. 


24.1- 1. 

24 . 2- 3 . 

24.1- 3 . 

22.4- 3. 

22.2- 4. 

24 .0- 4. 

24 .0- 2 . 
25.7-2 . 

23.5- 3 . 

25.0- 4 . 

27.5- 1. 
26.0^2. 
25.0-4. 
25.0^6. 

27.5- 1. 

24.5- 3. 


Control 

5 

6 

3 

9 

29 

35 

31 

33 

29 

35 

29.5 

31 

32 

33.5 

33.5 

31 

30 

29 

29 

33 

33 

30 

32.8 

33.3 

29 

27 

33.5 

37.5 

30 

27 

32 

34.5 

32 

31 

32 

35 

35 

38 

31 

33 

33 

32 

30 

34 

34 

34 

30 

34.5 

34 

38 

30 

34 

30 

33 

33.5 

33 

32 

35 

33 

31.5 

32 

35 

33 

31.5 

32 

36 

34.5 

31.5 

32 

35 

34.5 

31 

32 

34 

30 

28 

33 

36 

31 

30 

31 

33 

36.5 

34.5 

30 

31 

- 

- 

28 

31 

36.5 

38 

28 

30 

- 

- 

29 

29 

- 

- 

32 

31 

- 

- 

28 

28 

- 

- 

31 

30 

- 

- 

- 

- 

36.5 

38.0 

33 

35 

- 

- 

28 

28 

- 

- 

32.5- 1.2 

30.2- 1.9 

32.3- 1.5 
31.7-4.7 

30.9- 3 .2 

32.5- 1.7 

34.2- 3.0 

32.2- 1.7 
33.1-2.1 

34.0- 3.3 

32.4- 1.6 

32.9- 1.5 

32.9-1.5 

33.5- 2.1 

33.1- 1.9 

31.0-2.6 

32 . 5- 2 . 6 


30.5-1.0 

33.4- 4. 7 

29 .0- 2 .0 

29.0-  - 

31.5- 1.0 

28.0-  - 

30.5- 1.0 
37.7^1.2 
34. 0^  - 

28.  oi  - 


Mean  273-24.8  203. 5I49. 9 127.8-46.5  135.5-30.5  130.8-46.2  135.8-24.7  219.5-137.0  242-96.0  243.5-43.0 


TABLE  3c 


51Cr  URINARY  EXCRETION 
RBC  EQUIVALENTS  (ml.) 


An . No . 

Group 

Weeks 

2-4 

6-8 

12-14 

5 

Control 

40.4 

32.8 

46.0 

6 

II 

39.1 

34.5 

43.8 

3 

II 

36.1 

46.8 

53.6 

9 

II 

42.5 

58.0 

46.1 

Mean 

39.5-2.7 

43.0-11.8 

47.4-4.3 

7 

Infected 

69.5 

117.6 

391 

8 

II 

83.8 

288.0 

163.9 

8B 

II 

82.3 

383.0 

168.1 

10 

II 

75.2 

120.1 

139.4 

Mean 

77.7-6.6 

227.2-131.0 

215.6-117.6 



TABLE  4c 


51Cr  FECAL  EXCRETION 
RBC  EQUIVALENT  (ml.) 


An.  No. 

Group 

Weeks 

0-4 

4-8 

10-14 

5 

Control 

1.7 

2.5 

2.4 

6 

II 

2.2 

2.7 

2.6 

3 

• 1 

to 

00 

2.8 

3.0 

9 

II 

1.4 

1.6 

1.9 

- 

Mean 

2 .03-0.6 

2 . 4-0 . 4 

2.6-0. 5 

7 

Infected 

2.4 

2.1 

1.9 

8 

•I 

2.0 

3.4 

2.6 

8B 

II 

2.3 

2.3 

2.2 

10 


2.7 


2.7 


1.9 


TABLE  6c 


PLASMA  VOLUME  ML./KG.  (-  2S.E.) 


An . No . 

Group 

Weeks 

0 

4 

10 

18 

28 

5 

Control 

31.2 

33.6 

31.1 

33.7 

33.6 

6 

II 

31.6 

39.0 

35.0 

35.3 

32.2 

3 

II 

28.6 

30.0 

32.5 

31.6 

- 

9 

II 

27.8 

30.9 

32.5 

29.9 

- 

Mean 

29.8  -1.9 

33.4  -4 . 1 

32.8  -1.6 

32.6  -2.4 

32.9  -1.4 

7 

Infected 

33.0 

44.6 

40.5 

37.5 

38.3 

8 

•• 

28.3 

38.4 

39.3 

42.8 

36.7 

8B 

II 

26.5 

36.0 

42.8 

37.0 

- 

10 

II 

33.3 

32.5 

35.0 

35.4 

- 

Mean 

30.3  -3.4 

37.9  -5.1 

39.4  -3.3 

38.2  -3.2 

37.5  -1.6 

I C 


1 


Weeks 


oruup 

0 

4 

10 

18 

28 

Control 

48.3 

48.0 

47.1 

51.9 

50.1 

II 

52.6 

55.7 

53.7 

52.2 

49.5 

II 

45.1 

45.8 

47.5 

49.7 

- 

II 

46.4 

46.6 

48.2 

48.2 

- 

48.2  -3 . 3 

49.0  -4.5 

49.1  ±3.1 

51.2  ±3.0 

• 49.8 

±0.6 

Infected 

52.4 

56.5 

51.9 

49.3 

53.2 

•I 

48.8 

50.2 

49.7 

52.8 

50.4 

II 

47.7 

47.1 

51.5 

47.5 

- 

■■ 

50.4 

47.5 

45.5 

49.1 

- 

49.8  -2.0 

50.3  -4.3 

49.7  ±2.9 

49.7  ±2.2 

51.8 

±2.8 
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3 

II 
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- 

9 

II 

18.6 
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18.3 

- 

Mean 

18.4  ±1.9 

16.2  ±1.5 

16.3  ±1.6 

18.6  ±0.9 
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7 
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11.4 

11.8 

14.9 

8 

•< 

20.5 
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10.0 

13.7 

8B 

II 

21.2 

11.1 

8.7 

10.5 

- 

10 

II 

17.1 

l5-°  J 

10.5 

13.7 

- 

+ 

HUM 

„ 4- 

Mean 

19.5  -1.8 

... 

10.3  -1.1 



11.5  -1.7 



14.3  -1.2 

SECTION  D 


IMMUNITY  IN  CATTLE  TO  TRYPANOSOMA  CONGOLENSE 


A total  of  42  Hereford  cattle  of  various  ages  were  infected  with  the 
trans  mara  strain  of  T.  congolense  and  observed  for  evidence  of  an  age 
resistance.  Results  showed  that  eight  of  nine  cattle  infected  at  one 
year  of  age  or  less  survived  the  infection  without  treatment.  Two 
animals  of  eight  in  the  age  range  of  one  to  two  years  also  survived  the 
infection.  All  25  animals  whose  ages  ranged  from  two  to  five  years 
either  succumbed  to  the  infection  or  had  to  be  treated  because  of  the 
severity  of  the  disease.  When  the  young  animals,  which  needed  no  treat- 
ment to  survive,  were  rechallenged  at  periods  out  to  one  year  after  the 
last  observation  of  patent  parasitemia,  they  appeared  to  be  completely 
refractive  to  infection.  The  older  animals  which  required  Berenil 
treatment  to  survive  were  also  rechallenged  at  intervals  after  therapy. 
Three  animals  infected  for  49  to  75  days  before  treatment  were  re- 
challenged 198  to  296  days  later.  Extensions  in  prepatent  periods 
ranged  from  five  to  13  days  when  compared  to  controls  and  the  resulting 
infections  were  of  a relapsing  nature  followed  by  self  cure.  Effects 
of  this  disease  on  clinical  parameters  were  minimal.  One  animal 
infected  for  196  days  and  rechallenged  501  days  later  had  a prepatent 
period  of  14  days  as  compared  to  five  days  for  controls.  This  animal 
developed  a brief  relapsing  infection  followed  by  self  cure.  Animals 
which  were  infected  for  periods  of  41  to  77  days,  received  treatment, 
and  were  then  rechallenged  from  600  to  900  days  later,  showed  some 
resistance  to  infection.  Prepatent  periods  were  extended  from  one 
to  three  days  over  those  of  control  animals  and  although  the  resulting 
disease  was  severe,  one  of  four  animals  self  cured  without  treatment. 
When  animals  which  had  self  cured  secondary  challenges  were  re- 
challenged at  periods  out  to  two  years  later,  they  were  completely 
refractory  to  homologous  challenge  from  mice.  These  animals  developed 
brief  infections  when  challenged  with  the  relapse  variants  collected 
from  a bovine  chronically  infected  with  the  homologous  strain.  Pre- 
patent periods  were  extended  however,  and  the  infections  were  rapidly 
eliminated  without  severe  clinical  disease.  Since  the  bovine  developed 
strong  resistance  to  a challenge  of  syringe  passed  trypanosomes  we  have 
recently  initiated  a study  to  determine  whether  or  not  they  are  also 
immune  when  the  homologous  strain  of  parasite  is  transmitted  by  fly 
bite.  Tsetse  flies  (Glossina  morsitans)  were  infected  by  daily 
exposure  to  infected  guinea  pigs  or  bovines  for  a period  of  two  weeks. 
Two  weeks  after  the  last  exposure,  the  flies  were  fed  on  immune  and 
non-immune  cattle.  All  control  animals  (nine)  have  developed  high 
levels  of  persistant  parasitemia.  Six  immunized  cattle  have  developed 
low  level  relapsing  infections  while  the  remaining  nine  immunized 
animals  have  not  developed  detectable  parasitemias  as  yet.  Significant 
anemia,  leucopenia  and  thrombocy topenia  have  developed  in  all  controls; 
however,  immunized  animals  have  not  shown  any  severe  clinical  disease. 
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SECTION  E 


IMPROVEMENTS  TO  THE  LABORATORY  FACILITY  AND  PREPARATION  OF 

NEW  REAGENTS 

While  a strong  immunity  to  blood  forms  was  apparent  in  calves  who 
had  self  cured  X*  congolense  infections  and  in  adults  who  were  re- 
peatedly infected  and  cured,  the  immunity  needed  to  be  tested  against 
metacyclic  challenge  from  tsetse  -flies.  We  were  given  extra  facilities 
at  the  Veterinary  Research  Laboratories  (1,000  sq.  ft.)  which  we  re- 
conditioned into  an  insectory,  laboratory,  small  animal  room  and 
exposure  room  for  large  animals.  The  facility  has  been  double  screened 
and  equipped  with  insec tocutors . The  large  animal  exposure  room 
contains  a stanchion  whereby  cattle  can  be  exposed  to  fly  bites  indoors. 
Arrangements  were  made  through  Dr.  Anthony  Jordan  at  Bristol  University, 
England,  to  receive  200  G.  morsitans  pupae  per  month  on  a regular  basis. 
At  the  present  time,  although  we  are  still  receiving  the  pupae  from 
England  we  are  collecting  approximately  1,000  pupae  a month  from  our 
own  rearing  colony.  The  Trans-Mara  I strain  of  X-  congolense  which 
had  been  used  throughout  our  immunization  studies  was  readily  trans- 
mitted by  the  G.  morsitans  flies  and  we  were  able  to  initiate  the 
metacyclic  challenge  experiments  which  are  now  in  progress. 

During  the  past  year,  bovine  serum  has  been  fractionated  and  the 
immunoglobulins  purified.  These  reagents  have  been  used  to  immunize 
goats  who  will  provide  antisera  which  will  be  conjugated  with  fluorescin 
isothiocyanate  and  used  in  immunopathological  investigations. 
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Description . 

1.  Live  Salmonella  typhi  administered  intraperitoneally , acetone- 
killed  S_.  typhi  administered  intraperitoneally,  and  live  S^.  typhi  given 
orally,  with  their  effectiveness  decreasing  in  that  order,  protected 
Swiss  white  mice  against  death  from  challenge  with  a virulent  J5. 
typhimurium  hybrid  expressing  S^.  typhi  antigens. 

2.  The  structural  genetic  determinants  of  the  Vi  antigen  of 
Salmonella  paratyphi  (2  were  shown  to  be  allelic  with  those  of  the  J>. 
typhi  Vi  antigen  at  the  locus  viaB , and  their  expression  was  found  to 
be  affected  by  the  viaA  gene  in  the  same  manner  as  expression  of  the  J5. 
typhi  determinants  is  affected  by  this  gene. 

3.  An  Escherichia  coli  K-12  mutant  that  limits  the  growth  of  coliphage 
lambda  was  isolated  and  characterized.  This  mutation  is  not  found  in  J5. 
typhi,  which  inhibits  growth  of  lambda  through  a similar  mechanism, 
controlled  by  a different,  unlinked  gene  locus  previously  characterized. 

Progress . 

; 

1.  Effectiveness  of  parenteral  and  oral  typhoid  vaccination  in  mice 
challenged  with  a Salmonella  typhi-S . typhimurium  hybrid. 

a.  In  previous  reports  (Annual  Report,  WRAIR,  1973,  1974,  1976)we 
have  described  the  development  and  employment  of  an  assay  system  for  dif- 
ferentiating the  protective  activities  of  various  typhoid  vaccines.  It 
uses  Swiss  Webster  white  mice  as  the  test  animals  and  mouse-virulent 
Salmonella  typhimurium  hybrids  that  express  S^.  typhi  antigens  as  the 
challenge  strains.  In  our  earlier  studies,  we  showed  that  this  system 
can  demonstrate  differences  among  various  kinds  of  typhoid  vaccines  with 
respect  to  their  ability  to  confer  protection  against  death  of  the  animals, 
and  we  provided  evidence  that  the  Samonella  somatic  antigens  are  important 
in  conferring  this  protection,  whereas  the  Vi  antigen  appears  to  play  no 
significant  role.  The  vaccines  examined  in  those  studies  were  nonliving 
and,  in  all  cases,  the  immunizing  doses  were  administered  intraperitoneally 
(i.p.).  In  the  present  study,  we  have  used  our  assay  system  to  investigate 
the  protective  capabilities  of  living  as  well  as  acetone-treated  (AK) 
j5.  typhi  vaccines  administered  both  orally  and  i.p.  We  also  have  examined 
a purified  S^.  typhi  Vi  antigen  preparation  administered  by  both  routes. 

Co  r\ 


b.  The  AK  vaccine  was  prepared  from  typhi  as  described  previously 
(Annual  Report  WRAIR  1973).  The  purified  Vi  antigen,  prepared  from 
typhi  strain  59,  was  supplied  by  S.  Marcus  of  the  University  of  Utah, 

Utah  Medical  Center,  Salt  Lake  City.  Swiss  Webster  white  mice  (50  per 
group),  HPB  strain,  random  bred,  16  to  18  g,  were  inoculated  i.p.  with 

0. 5  ml  of  the  AK  vaccine  (equivalent  to  5 x 10®  organisms)  or  with  0.5 
ml  of  a live  vaccine  (10^  organisms)  prepared  from  a 16-h  culture  of 
S.  typhi  TY2.  Vi  antigen  vaccine  was  administered  in  two  doses  of  0.5 
ml  (500  pg/dose) , with  a 1-week  interval  between  the  first  and  second 
injection.  The  same  doses  of  vaccines  AK,  live,  and  Vi  were  administered 
orally  to  other  groups  of  mice.  Animals  vaccinated  with  AK  and  Vi  vac- 
cines either  i.p.  or  orally  were  challenged  i.p.  2 weeks  after  the  last 
vaccination  with  2,500  organisms  (0.5  ml)  of  S_.  typhimurium  hybrid  H42. 

This  hybrid  expresses  the  typhi  antigens  9,  12,  Vi,  and  d and  has  a 
mean  lethal  dose  of  less  than  50  organisms.  Animals  injected  with  live 
vaccines  either  i.p.  or  orally  were  challenged  after  5 weeks  in  the  same 
manner . 

c.  From  the  results  of  these  experiments,  as  presented  in  Table 

1,  it  is  apparent  that  the  best  protection  against  death  from  the  hybrid 
challenge  organism  was  afforded  by  the  live  and  AK  vaccines  when 
administered  i.p.  The  live  vaccine  was  slightly  better  than  the  AK 
vaccine  in  this  comparison  (P<0.05).  Also,  oral  administration  of  the 
live  cells  afforded  significant  protection  against  death  whereas  oral 
administration  of  the  AK  vaccine  did  not.  It  might  be  worth  noting, 
however,  that  the  degree  of  protection  afforded  by  the  live  cells 
administered  orally  did  not,  in  this  sytem,  match  that  afforded  by  the 
AK  vaccine  administered  i.p.  Whether  or  not  a similar  situation  would 
be  observed  in  immunizing  against  human  typhoid  fever  with  living,  at- 
tenuated, orally  administered  vaccines,  as  opposed  to  killed  vaccines 
parenterally  administered,  remains  to  be  determined. 

d.  Previously,  we  had  tested  purified  Vi  antigen  prepared  from 
Citrobacter  freundii  for  its  protective  capability  (administered  i.p.) 
in  this  system  and  found  it  afforded  no  protection  against  death  from 

the  hybrid  challenge  organism.  As  might  have  been  expected,  the  presently 
tested  Vi  antigen,  prepared  this  time  from  S_.  typhi,  also  failed  to  protect 
the  animals,  whether  i.p.  or  orally  administered. 

2.  Genetic  basis  of  Vi  antigen  expression  in  Salmonella  paratyphi  C. 

a.  The  antigen  termed  Vi  is  expressed  by  several  organisms  of  the 
family  Enterobacteriaceae,  but  only  in  Salmonella  typhi  has  the  genetic 
basis  of  this  expression  been  examined.  There,  we  have  shown  previously 
(2,3)  that  determinants  of  the  antigen  occupy  two  widely  separated 
chromosomal  gene  loci,  designated  viaA  and  viaB . The  S^.  typhi  viaB  locus, 
situated  near  the  determinant  of  adenine  biosynthesis,  purA,  is  occupied 
by  the  genes  which,  when  introduced  into  S^.  typhimurium  or  Escherichia 
coli,  result  in  the  expression  of  the  Vi  antigen  in  those  organisms. 

It  therefore  appears  to  be  the  site  at  which  the  primary  structural 
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determinants  of  the  antigen  are  located.  The  viaA  locus  is  situated 
near  the  gene  determining  histidine  biosynthesis,  his . Mutation  of 
a gene  at  the  viaA  locus  of  j>.  typhi  results  in  loss  of  Vi  antigen 
expression  even  though  the  genes  at  the  viaB  locus  remain  functional. 

The  specific  function  of  the  viaA  gene  is  not  known,  but  this 
determinant  is  present  also  in  other  enteric  bacteria,  such  as  S^. 
typhimur ium  and  E^.  coli  which  do  not  normally  express  the  Vi  antigen. 

Thus,  introduction  of  the  native,  functional  viaA  locus  of  55. 
typhimur  ium  or  IS.  coli  into  a viaA  mutant  of  S^.  typhi  restores  that 
organisms 's  ability  to  express  the  antigen. 

b.  In  addition  to  its  occurrence  in  S^.  typhi , the  Vi  antigen  is 
found  also  in  strains  of  S^.  dub  1 in,  in  certain  serotypes  of  Citrobacter , 
and  in  S^.  paratyphi  C (S^.  hershfeldii)  . Although  serologically  identical, 
the  antigens  expressed  by  these  organisms  appear  to  differ  among  each 
other  in  varying  degrees,  both  chemically  and  immunologically . Thus, 
Edwards  and  Ewing  (1)  have  pointed  out,  from  the  results  of  immuno- 
electrophoretic analysis , that  of  the  six  identified,  cathodically 
migrating  fractions  of  the  j>.  typhi  Vi  antigen,  four  are  shared  by  the 

Vi  antigen  of  the  Citrobacter  serotypes,  whereas  the  S^.  paratyphi  Vi 
antigen  consists  of  just  two  fractions  that  are  related  to  two  of  those 
shared  by  the  S^.  typhi  and  Citrobacter  antigens.  Nevertheless,  it  seemed 
to  us  likely  that  their  genetic  determinants  should  be  related  to  each 
other  in  the  same  way  as  are  the  genetic  determinants  of  the  diverse 
somatic  and  flageller  antigens  expressed  among  the  Enterobacter iaceae , 
i.e.  as  members  of  a series  of  allelic  genes  occupying  the  same  chromo- 
somal locus  in  each  organism.  Having  previously  adapted  a strain  of  55. 
paratyphi  C to  serve  as  an  Hfr  donor  (E.M.  Johnson,  unpublished  data), 
we  were  afforded  the  opportunity  of  examining  this  proposition,  at  least 
with  respect  to  the  Vi  antigen  determinants  of  5^.  paratyphi  C and  S^. 
typhi. 

c.  We  previously  established  the  location  of  the  j5.  typhi  viaB 
locus  between  the  met A and  pur A loci,  somewhat  more  closely  linked  to 
purA  than  to  metA.  Thus,  it  occupies  a position  very  close  to  the 
determinants  of  melibiose  utilization  (mel) . On  the  assumption  that  the 
structural  genetic  determinants  of  the  £.  paratyphi  C Vi  antigen  would 
occupy  the  same  chromosomal  locus  in  that  organism  as  in  5^.  typhi , we 
mated  the  55.  paratyphi  C Hfr,  WR4060  with  the  j5.  typhimurium  recipient 
WR5001,  selecting  for  hybrids  receiving  the  mel  marker  of  the  donor. 

Not  surprisingly,  Vi  antigen  expression  occurred  in  72  of  100  Mel+ 
selected  hybrids.  The  neighboring  metA  donor  marker  was  inherited  by 
only  18%  of  them.  When  the  metA  gene  was  used  as  the  selected  marker 

in  this  cross,  20%  of  the  hybrids  inherited  the  Vi  antigen  determinant 
and  27%  inherited  the  donor  mel  marker.  Of  the  28  Met+  selected  hybrids 
that  expressed  either  the  mel  or  via  determinants,  19  expressed  both  of 
those  markers.  These  results,  as  well  as  the  nature  and  number  of  the 
hybrid  classes  formed  in  these  matings,  are  shown  in  Table  2 and  are  in- 
dicative of  a very  close  linkage  of  the  mel  and  via  genes.  The  appearance 
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of  8 metA,  mel  hybrids,  as  opposed  to  only  one  metA,  via  hybrid  among 
those  selected  for  receipt  of  the  donor  metA  gene  suggests  that  the  genes 
order  is  metA,  mel,  via. 

d.  Having  established  that  the  newly  mapped  via  determinant  of 
paratyphi  occupies  a chromosomal  location  apparently  similar  to  that 
previously  determined  for  the  typhi  viaB  genes,  we  then  set  up  the 
following  experiment  to  demonstrate  the  allelic  nature  of  these  genes. 

We  employed  the  lone  Met+,  Vi  antigen  expressing,  Mel"  j3.  typhimurium 
WR5001  hybrid  fathered  by  the  S^.  paratyphi  (]  Hfr  WR4060  as  the  recipient 
in  a mating  with  53.  typhi  Hfr  WR4000.  With  each  parent  in  this  cross 
expressing  a Vi  antigen  of  different  genetic  origin,  we  reasoned  that 

if  their  via  determinants  did  not  occupy  a common  locus,  loss  of  Vi 
antigen  expression  should  be  observed  occasionally  among  the  Mel+  selected 
hybrids.  In  other  words,  some  hybrids  would  be  expected  to  lose  their 
S^.  paratyphi  (3  via  genes  by  recombination  while  also  failing  to  inherit 
the  viaB  determinants  of  the  j3.  typhi  donor.  However,  in  examining  over 
500  Mel+  selected  hybrids  from  this  cross,  we  did  not  observe  any  in  which 
loss  of  Vi  antigen  expression  occurred.  The  indication,  therefore,  is 
that  the  structural  determinants  of  the  Vi  antigen  of  S^.  paratyphi 
occupy  the  same  chromosomal  locus  in  that  organism  as  the  one  at  which, 
in  j>.  typhi,  the  viaB  genes  reside. 

e.  We  were  able  to  demonstrate  a role  for  the  viaA  determinant  in 
expression  of  the  J3.  paratyphi  C Vi  antigen  by  using  a non-Vi  expressing 
S^.  typhi  Hfr,  WR4013,  with  functional  viaB  genes  but  a mutant  viaA 
determinant,  to  transfer  his  and  the  mutant  viaA  gene,  to  an  S^.  typhimurium 
WR5001  Mel+  hybrid  expressing  the  JS.  paratyphi  (3  viaB  genes.  In  this 
cross,  25%  of  the  His+  selected  hybrids  lost  their  ability  to  express 

the  Vi  antigen  as  the  result  of  inheriting  the  mutant  viaA  gene  of  the 
S^.  typhi  donor.  A similar  result  (23%  loss  of  Vi  antigen  expression) 
was  observed  when  a Mel+  S^.  typhimurium  WR5001  hybrid  expressing  the  53. 
typhi  viaB  genes  served  as  the  recipient  with  this  Hfr. 

3.  Cooperative  effects  of  bacterial  mutations  affecting  lambda  N 
gene  expression. 

a.  In  coliphage  lambda,  the  N gene  specifies  a protein  which 
regulates  the  expression  of  most  lambda  functions.  This  regulation  takes 
place  during  genetic  transcription,  and  a host  factor  synthesized  by  the 
bacterium  which  interacts  with  the  N protein  is  required.  Various  E^. 
coli  mutants  limit  lambda  phage  growth  by  inhibiting  the  action  of  the 
N gene  protein.  We  have  previously  shown  that  S^.  typhi  limits  the  growth 
of  lambda  as  well  as  other  coliphages.  This  result  was  obtained  with  E. 
coli-S . typhi  hybrid  WK4255  which  adsorbs  coliphage  lambda  having  acquired 
the  coli  genes  necessary  for  synthesis  of  the  cell  surface  receptor 
for  phage  attachment.  The  53.  typhi  hybrid  limits  growth  of  lambda  by 
interfering  with  the  action  of  the  N protein  in  a manner  similar  to  that 
exhibited  by  an  E.  coli  mutant  also  characterized.  Both  j3.  typhi  and 
the  E.  coli  mutant  were  shown  to  be  defective  in  a bacterial  locus  involved 
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in  N expression,  the  nusA  locus,  which  maps  at  minute  68  of  the  EL  coli 
K-12  chromosome . 


b.  A number  of  additional  EL  coli  mutants  have  recently  been 
isolated  which  also  act  to  limit  the  growth  of  phage  lambda  by  inhibiting 
the  expression  of  the  N gene  regulatory  function.  Most  of  these  mutants, 
although  pheno typically  similar  to  the  nusA  mutant,  did  not  map  at  the 
nusA  locus.  One  of  these  mutants  with  the  Nus  phenotype  was  chosen  for 
intensive  study.  This  mutant,  referred  to  as  nus  B-5  was  used  as  the 
recipient  in  crosses  with  different  EL  coli  K12  Hfr  donors  and  hybrids 
were  selected  using  markers  distributed  around  the  K12  chromosomal  map. 

The  results  established  that  the  nusB  locus  was  closely  linked  to  the 
locus  for  lactose  (lac~t~)  utilization.  Thus,  the  nusB+  marker  replaced 
the  nusB~  allele  of  the.  recipient  in  75-95%  of  the  Lac+  recombinants  when 
HfrH  or  HfrC,  both  transferring  lac+  as  an  early  marker  but  from  different 
directions,  were  used  as  donors.  When  P4X-6,  which  transfers  lac+  as 

a terminal  marker,  was  used  as  the  donor,  replacement  of  the  nusB~  allele 
by  the  nusB+  allele  of  this  donor  dropped  to  less  than  5%.  This  result 
established  the  location  of  nusB  between  the  origin  of  HfrC  and  Hfr 
P4X-6,  a six  minute  segment  of  the  K12  chromosome. 

c.  More  precise  mapping  of  the  nusB  marker  was  accomplished  by 
transduction  experiments  with  phage  PI  vir.  Lysates  grown  on  the  nusB 
mutant  were  used  to  infect  a Nus+  recipient,  WR2099  (lac~  proC~  purE~) , 
with  subsequent  selection  for  lac+,  proC+,  and  purE+  single  marker 
transductants . The  results  show  that  the  nusB  marker  was  not  contrans- 
duced  with  either  lac+  or  purE+,  but  was  con transduced  with  proC*  at  a 
frequency  of  approximately  2%.  An  experiment  was  also  performed,  using 

a PI  lysate  grown  on  a mucoid  (lon~)  strain,  to  select  proC+  transductants 
to  determine  the  order  of  the  nusB  locus  with  respect  to  proC  and  Ion . 

The  results  indicated  the  order  of  these  loci  to  be  proC  Ion  nusB,  with 

nusB  mapping  near  minute  11,  since  cotransducti<j>n  of  proC+  and  Ion'  was 
25%,  while  the  cotransduction  of  proC~*~  and  nusB+  was  2%. 

d.  Even  though  the  nusA  and  nusB  loci  map  at  distant  sites  on  the 

EL  coli  chromosome,  both  mutant  types  exhibit  strikingly  similar  effects 
on  lambda  phage  growth.  In  order  to  determine  the  effect  of  the  combina- 
tion of  the  nusA  and  nusB  mutations  on  lambda  growth,  we  constructed  a 

double  nus~  mutant  (nusA  and  nusB)  and  found  this  double  nus~  mutant  to 

be  far  more  restrictive  on  lambda  growth  than  either  of  the  single  nus~ 
mutants . 

e.  We  have  previously  demonstrated  that  j>.  typhi  does  not  carry 
the  nusA  allele,  as  is  also  the  case  with  S^.  typhimurium  strains.  To 
determine  if  Salmonella  carry  the  rmsB+  allele,  we  constructed  intergeneric 
hybrids  by  crossing  EL  coli  Hfr  P4X-6  with  j>.  typhi  recipient  WR4204  and 
selecting  for  ara+  recombinants.  A stable  E.  coli-S . typhi  hybrid  was 
examined  which  acquired  the  nusA+  as  well  as  the  malB~t~  and  malA+  loci 
required  for  lambda  adsorption,  but  retained  the  Salmonella  region 
encompassing  the  nusB  locus.  Since  this  53.  typhi  hybrid  permits  lambda 


growth,  we  conclude  that  £.  typhl  carries  the  nusB+  allele.  We  were  also 
able  to  transfer  the  nusB~  allele  from  IS.  coli  to  £.  typhi  by  selecting 
for  lac~t~  hybrids.  These  hybrids  were  either  unstable  lac+/lac~  diploids 
expressing  the  nusB+  trait  or  stable  lac+hybrids  which  had  integrated 
the  lac+  K12  chromosomal  region.  Such  stable  lac+  £.  typhi  hybrids  were 
found  to  express  the  Nus~  phenotype,  indicating  that  they  had  integrated 
the  nusB~  allele  transferred  from  the  K12  donor. 

Summary 

1.  A mouse  virulent  Salmonella  typhimurium  hybrid  expressing  the 
£.  typhi  antigens  9,  12,  Vi  and  d was  used  as  a challenge  organism  in 
Swiss  white  mice  to  test  the  ability  of  acetone-treated  £.  typhi , live 
£.  typhi,  and  purified  Vi  antigen,  each  administered  orally  and  intra- 
peritoneally , to  protect  the  animals  against  death.  Live  £.  typhi 
administered  intraperitoneally , acetone-killed  £.  typhi  administered  in- 
traperitoneally , and  live  S.  typhi  given  orally,  with  their  effectiveness 
decreasing  in  that  order,  conferred  protection  in  this  system. 

2.  Analysis  of  hybrids  formed  in  the  cross  between  an  £.  paratyphi 
£ Hfr  and  an  £.  typhimurium  recipient  indicated  that  the  structural 
genetic  determinants  of  the  £.  paratyphi  £ Vi  antigen  are  located  closely 
adjacent  to  the  mel  determinant,  between  this  marker  and  purA.  A similar 
location  was  indicated  previously  for  the  structural  genetic  determinants 
of  the  £.  typhi  Vi  antigen  (the  viaB  locus).  Mating  experiments  with 

a Vi  antigen  expressing  £.  typhi  Hfr  and  an  £.  typhimurium  hybrid  recipient 
expressing  the  Vi  antigen  of  £.  paratyphi  £ yielded  no  recombinants  in 
which  loss  of  Vi  antigen  expression  occurred,  indicating  that  the  chromo- 
somal locus  occupied  by  the  genetic  determinants  of  the  £.  paratyphi  £ 

Vi  antigen  is  the  same  one  at  which,  in  £.  typhi,  the  viaB  genes  reside. 
Introduction  of  a mutant  £.  typhi  viaA  gene  into  an  £.  typhimurium  hybrid 
expressing  the  Vi  antigen,  as  the  consequence  of  prior  receipt  of  the  £. 
paratyphi  £ viaB  determinants,  resulted  in  that  hybrid's  loss  of  Vi 
antigen  expression,  demonstrating  that  the  viaA  determinant  plays  a role 
in  Vi  antigen  expression  in  £.  paratyphi  £,  as  well  as  in  £.  typhi . 

3.  An  £.  coli  mutant  which  limits  the  growth  of  phage  lambda  by 
inhibiting  the  expression  of  the  N gene  regulatory  function  was  isolated 
and  characterized.  The  mutation  involved  maps  near  minute  11  of  the 

_E.  coli  chromosome  and  dominance  tests  show  that  the  mutant  allele  is 
recessive.  We  conclude  therefore  that  the  locus  involved  normally  codes 
for  a function  necessary  for  N gene  expression.  Another  mutant  with  a 
similar  phenotype  has  been  mapped  at  minute  68;  this  mutant  is  called 
Nus  (N  utilization  substance) . We  have  named  the  locus  at  minute  68  nusA, 
and  the  locus  at  minute  11  nusB . Although  the  nusA  allele  is  not  found 
in  £.  typhi  (nusA-),  we  have  found  the  nusB  allele  to  be  present  in  S. 
typhi  (nusB+) . 


Table  1.  Effectiveness  of  AK,  live,  and  Vi  antigen 
vaccines  in  mice  challenged  with  typhimurium 
hybrid  H42 


Vaccinated 

with 

Vaccinating 

dose 

Route 

Interval 
between 
last  vac 
cination 
and 
chal- 
lenge 
(weeks) 

- No.  of 
survi- 
vors/no. 
injected 

AK 

5 x 10®  cells 

i.p. 

2 

30/50a 

AK 

5 x 10®  cells 

Oral 

2 

7/50 

TY2  live 

10?  cells 

i.p. 

5 

40/50a 

TY2  live 

10  cells 

Oral 

5 

21/50b 

Vi 

2 x 500  yg 

i.p 

2 

9/50 

Vi 

2 x 500  yg 

Oral 

2 

3/50 

Control 

8/50 

aSignificantly  better  (P  <0.005)  than  the  controls 
^Significantly  better  (P  <0.01)  than  the  controls. 
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Table  2.  Unselected  marker  inheritance  of  hybrids  formed  in  crosses 
between  paratyphi  C Hfr  WR4060  and  . typhimurium 
recipient  WR50013 


Donor  Marker 
Selected 

Hybrid  Classes 

No. 

Summation  of  Unselected 
Marker  Inheritance 

mel,  via 

56 

via  72% 

mel 

mel 

26 

mel,  met A,  via 

16 

metA,  18% 

mel,  metA 

2 

met  A 

72 

mel,  27% 

metA,  mel,  via 

19 

met  A 

metA,  mel 

8 

via,  20% 

metA,  via 

1 

aMarkers  listed 

are  those  inherited 

from  the  Hfr. 
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Description 

Basic  and  clinical  studies  were  performed  to  investigate  the 
functions  of  blood  and  blood-forming  organs.  These  focused 
on  three  specific  areas:  (1)  study  of  normal  blood  cell 
metabolism  and  its  alteration  by  disease  or  by  toxic  agents, 
(2)  examination  of  blood  cell  surface  membrane  composition 
and  function  in  normal  and  disease  states,  and  (3)  investi- 
gation of  the  mechanisms  by  which  hemostasis  is  altered  by 
disease,  injury,  physical  stress,  or  medications. 

Progress 

1 . Metabolism  of  normal  blood  cells  and  its  alteration  by 
disease  or  by  toxic  agents 

The  major  emphases  of  our  metabolic  studies  during  the  past 
year  have  continued  to  be  on  examining  alterations  in  the 
metabolism  of  blood  cells  and  certain  other  host  tissues 
produced  by  infecting  agents  (bacterial  or  parasitic)  or  by 
toxic  agents  such  as  medications  or  environmental  pollutants. 
Our  studies  on  pollutant-induced  alterations  in  metabolism 
of  blood  and  bone  marrow  cells  have  grown  in  scope  to  the 
point  that  a new  work  unit  for  FY  78  has  been  established 
for  that  area.  The  particular  metabolic  areas  we  focused  on 
were  (a)  heme  synthesis  by  liver  cell  homogenates,  retic- 
uloycte  lysates,  and  lysates  of  bone  marrow  erythroid 
precursors;  (b)  pyridoxine  metabolism  by  erythrocytes;  (c) 
purine  nucleotide  metabolism  in  erythrocytes;  (d)  red  cell 
glucose  catabolism;  (e)  heavy  metal  detection  and  toxicity; 
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and  (f)  oxygen  toxicity  and  the  role  of  superoxide  dis- 
mutase. 

a . Heme  synthesis 

The  major  effort  in  this  area  has  focused  on 
investigation  of  the  toxic  effects  of  munitions-related 
pollutants,  particularly  the  substituted  benzenes  and  tolu- 
enes produced  during  manufacture  of  TNT.  The  effect  of  a 
number  of  these  compounds  on  delta-aminolevulinic  acid 
synthetase  (ALAS)  and  ferrochelase  (FC)  activities  in  rat 
liver  homogenates  were  determined,  and  attempts  were  made  to 
derive  structure-activity  relationships  from  the  data.  In 
these  studies,  the  final  concentration  of  each  compound 
added  to  the  reaction  mixture  was  10  mol/1.  ALAS  was 
measured  by  a modification  of  the  method  of  Ebert,  et  a_l.  , 
(Biochem.  Biophys . Acta  208:236:1970) . FC  was  measured  by  a 
modification  of  the  method  of  Bonkowsky,  et  al.,  (J.  Clin. 
Invest . 56:1139:1975).  Normal  values  for  rat  liver  ALAS 
were  9-11  nmol/g  protein  and  for  FC  300-420  umol/g  protein. 
Benzene  and  toluene  showed  a slight  enhancement  of  ALAS 
activity  but  FC  activity  was  depressed  up  to  25%.  Ortho  and 
meta-dinitrobenzene  enhanced  both  ALAS  and  FC  activities 
slightly  but  the  para  isomer  suppressed  these  activities  by 
33-35%.  This  same  trend  was  observed  in  the  mono-chloro- 
toluenes.  Para-nitrotoluene  inhibited  ALAS  activity  slight- 
ly but  produced  a 50%  reduction  in  FC  activity.  Many  di- 
and  trinitrotoluenes  caused  a greater  than  two-fold  increase 
in  FC  activity.  An  amino  group  on  the  same  ring  with  a nitro 
group  appeared  to  negate  the  effect  of  the  nitro  group  on  FC 
activity.  It  appears  from  this  preliminary  data  that  ortho- 
and  meta-dinitrobenzene  and  poly-nitrotoluenes  stimulate  FC 
activity  due  to  their  steric  properties  while  the  para 
isomers  inhibit  these  enzymes. 

A second  area  of  effort  in  the  area  of  heme  synthesis  is 
examination  of  activities  of  ALA  synthetase  and  ferrochela- 
tase  in  bone  marrow  erythroid  precursors  of  dogs  rendered 
pyridoxine  deficient.  Previous  studies  in  our  department 
had  shown  an  erythroid  proliferative  defect  in  the  bone 
marrow  of  B6  deprived  animals.  This  was  demonstrated  by 
plasma  clot  culture  of  bone  marrow  aspirates  from  dogs  and 
monkeys  rendered  nutritionally  defient  in  pyridoxine.  The 
proliferative  defect  was  not  corrected  by  iri  vitro  addition 
of  erythropoietin  to  the  culture  system,  but  was  corrected 
quantitativity  by  addition  of  pyridoxine  to  a rate  of 
proliferation  far  above  that  of  control  animals.  Becuase 
pyridoxine  is  known  to  be  a cofactor  for  ALA  synthetase  and 
is  thought  to  be  important  for  f errochelatase  function, 
activities  of  these  enzymes  were  examined  in  bone  marrows  of 


dogs  rendered  nutritionally  deficient  in  pyridoxine.  Eryth- 
roblast  ALA  synthetase  was  found  to  be  disminished  to  50%  of 
control  levels;  activity  could  be  restored  to  normal  by  in 
vitro  addition  of  pyridoxine  to  the  marrow  lysate.  On  the 
other  hand,  ferrochelatase  activity  reamined  unchanged.  The 
above  results  suggest  that  alterations  in  ferrochelatase 
activity  which  have  been  reported  in  patients  with  sidero- 
blastic anemia  are  due  to  mitochondrial  damage  produced  by 
accumulated  iron  rather  than  to  alteration  in  availability 
of  pyridoxine. 

b . Pyridoxine  metabolism 

The  major  effort  in  pyridoxine  metabolism  during 
the  past  year  has  been  investigation  of  the  role  of  pyri- 
doxine metabolism  in  malaria.  The  majority  of  the  these 
studies  have  been  in  collaboration  with  Drs.  Louis  Miller 
and  Samuel  Martin  at  NIH,  Dr  David  Haynes  from  Division  of 
CD&I,  WRAIR,  and  Drs  Esan  and  Osunkoya  and  their  coworkers 
at  the  University  College  Hospital,  Ibadan,  Nigeria. 

The  observation  that  American  blacks  have  decreased  pyri- 
doxal  kinase  (PLK)  activity  (Science  187:1084,  1975)  raised 
the  possibility  that  low  PLK  increases  survival  in  regions 
holoendemic  for  falciparum  malaria.  To  evaluate  this  hypo- 
thesis, PLK  activity  was  determined  in  hemolysates  from 
Nigerian  children  4 months  old  to  5 years  old,  five  weeks 
after  successful  treatment  of  severe  falciparum  malaria  (1% 
to  20%  parasitemia),  and  from  uninfected  matched  controls. 
Science  both  PLK  and  glucose-6-phosphate  dehydrogenase 
(G6PD)  decrease  as  red  cells  age,  G6PD  was  measured  as  a 
marker  for  red  cell  age.  PLK  in  24  uninfected  controls  was 
lower  than  in  19  patients  (p<0.001).  No  correlation  was 
found  between  PLK  and  G6PD;  hence  it  is  unlikely  that  this 
difference  in  PLK  was  a function  of  red  cell  age.  The  data 
suggested  that  decreased  erythrocyte  PLK  may  protect  against 
development  of  severe  falciparum  malaria  infections.  To 
pursue  these  studies  further,  a number  of  studies  have  been 
initiated:  (1)  In  collaboration  with  Dr  Martin,  erythrocytes 
of  thirteen  animal  species  have  been  examined  for  PLK  activ- 
ity. In  twelve  of  the  thirteen  species,  presence  of  PLK 
correlated  with  ability  to  be  infected  by  malarial  parasites, 
and  absence  with  inability  to  be  infected.  (2)  In  collab- 
oration with  our  group,  Dr  David  Haynes  has  cultured  P . 
falciparum  in  human  erythrocytes  in  a special  medium  which 
contained  no  pyridoxine  other  than  the  miniscule  amount 
bound  to  serum.  A number  of  inhibitors  have  been  selected 
for  testing,  in  this  system,  and  arrangments  are  being  made 
to  obtain  these.  (3)  More  detailed  study  of  the  variants  of 
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pyridoxal  kinase  are  currently  underway.  Theses  include 
detailed  studies  of  kinetic  parameters  of  the  enzyme,  ex- 
amination of  inhibition  of  the  various  forms  of  the  enzyme 
by  known  inhibitors,  and  studies  of  stability  of  the  dif- 
ferent forms  of  the  enzyme,  using  cells  separated  into 
various  age  ranges  by  centrifugation  on  a Stractan  gradient. 

In  addition  to  the  malaria  studies,  pyridoxine-related 
studies  have  focused  on  the  role  of  pyridoxine  in  heme 
biosynthesis  and  erythropoiesis , the  effect  of  isoniazid 
(INH)  on  pyridoxine  metabolism,  and  the  metabolic  effects  of 
pyridoxine  administration  to  patients  with  sideroblastic 
anemias.  Progress  in  the  first  of  these  areas  has  been 
described  above  (under  l.a.  Heme  biosynthesis).  Progress  in 
the  other  two  areas  will  be  discussed  below. 

Previous  studies  in  our  department  demonstrated  that  patients 
taking  300  mg  daily  for  prophylaxis  of  tuberculosis  had 
lower  erythrocyte  pyridoxal-5-phosphate  (PLP)  levels  and 
pyridoxal  kinase  (PLK)  levels  than  matched  control  subjects. 
Experiments  were  undertaken  during  the  past  year  to  confirm 
these  results  and  to  determine  the  mechanism  of  inhibition. 

To  avoid  the  effect  of  individual  variation,  PLK  activity 
was  determined  in  14  subjects  prior  to  initiation  of  INH 
prophylaxis,  and  at  various  intervals  after  the  drug  had 
been  started.  PLK  decreased  in  13/14  tuberculin  converters 
after  taking  INH  for  1 to  3 months  (mean  + SEM,  from  389  + 

36  to  302  + 30  p m PLP/g  hgb/min,  p<0.001),  but  no  change 
occurred  in  15  control  subjects  (from  355  23  to  365  + 23)  . 

Since  we  were  able  to  show  that  INH  did  not  inhibit  PLK  in 
vitro,  we  focused  our  attention  on  pyridoxal  isonicotin- 
ylhydrazone  (PL-INH) , a natural  metabolite  of  INH  which  has 
been  shown  to  inhibit  brain  (K  = 4.8  pM)  and  liver  PLK  in 
vitro.  This  compound  was  synthesized,  its  purity  estab- 
lished by  several  methods  (TLC,  GS-mass  spectrometry,  NMR, 
infrared  spectroscopy) , and  its  effect  on  erythrocyte  PLK 
was  determined.  Addition  of  PL-INH  to  hemolysates  caused 
noncompetitive  inhibition  of  PLK  at  levels  above  1 pM  (K ^ = 
1.5  and  1.6  pM  PLINH)  and  uncompetitive  inhibition  at  lower 
levels  (0.5  to  0.8  pM  PLINH).  PL-INH  was  a noncompetitive 
inhibitor  of  red  cell  PLK  in  vitro  at  levels  low  enough  to 
suggest  that  this  may  account  for  the  in  vivo  decrease  in 
red  cell  PLK  when  patients  take  INH. 

Metabolic  studies  of  erythrocytes  from  patients  with  sidero- 
blastic anemia  were  completed.  Plasma  and  RBC  PLP  levels 
and  rates  of  RBC  PLP  synthesis  from  pyridoxal  and  pyridoxine 
(PN)  were  determined  on  paired  blood  samples  from  19  pa- 
tients with  idiopathic  refractory  sideroblastic  anemia 
(IRSA)  and  20  racially  matched  healthy  persons.  Twelve 


patients  had  not  received  PN  for  at  least  6 months  prior  to 
study.  Levels  of  plasma  PLP  in  these  patients  were  very  low 
(mean  + SD,  3.6  + 2 ng/ml  vs  normals.  10.1  + 4).  RBC  PLP 
levels  were  normal  (0.69  + 0.5  ng/105  RBC  vs  0.62  + 0.4). 
Rates  of  PLP  synthesis  were  normal  (8  patients)  or- elevated 
(4  patients) . Ten  patients  were  studied  during  treatment 
with  PN,  including  the  3 patients  with  the  lowest  pretreat- 
ment RBC  PLP  levels  and  lowest  rates  of  RBC  PLP  synthesis. 
Plasma  PLP  levels  were  low  (4  patients)  or  moderately  ele- 
vated (6  patients,  25-40  ng/ml).  RBC  PLP  levels  were  marked- 
ly elevated  (4.9  + 2 ng/10  RBC).  Rates  of  PLP  synthesis 
were  normal  (3  patients)  or  very  high  (2  x normal  in  6 
patients) . The  restudied  patients  showed  a 7-fold  increase 
in  RBC  PLP,  a 2-fold  increase  in  rates  of  RBC  PLP  synthesis, 
but  only  a mild  inconsistant  rise  in  plasma  PLP.  Thus  all 
patients  maintained  adequate  levels  of  RBC  PLP  and  rates  of 
RBC  PLP  synthesis  before  treatement.  During  PN  treatment 
there  was  a substantial  increase  in  levels  of  RBC  PLP  and  a 
moderate  increase  in  rates  of  RBC  PLP  synthesis.  No  hema- 
tologic response  to  PN  occurred  despite  a good  biochemical 
response  in  RBC 1 s . This  suggests  that  abnormalities  of  red 
cell  vitamin  B6  metabolism  were  not  the  primary  cause  of 
anemia  in  these  19  causes  of  IRSA. 

c.  Purine  nucleotide  metabolism 


Changes  in  content  and  distribution  of  blood 
nucleotide  were  studied  in  rhesus  monkeys  under  three  con- 
ditions: synchronous  infection  with  P.  knowlesi,  chloroquine 
(CQ)  prophylaxis,  and  chloroquine  treatment  of  fulminant 
malaria  infection.  This  study  is  part  of  a continuing 
collaborative  effort  between  CPT  H.  K.  Webster  (Division  of 
Logistics) , LTC  M. J.  Haut  (Department  of  Hematology,  Divis- 
ion of  Medicine) , MAJ  L.  Martin  (Division  of  Communicable 
Diseases  & Immunology) , and  LTC  P.  Hildebrandt  (Division  of 
Experimental  Pathology) . There  were  two  hypotheses  at 
issue.  First,  a cyclic  variation  in  the  levels  of  erythro- 
cytic nucleotides  may  occur  during  the  course  of  infection 
with  P.  knowlesi  in  the  subject  monkeys.  This  variation  may 
bear  a determinant  influence  on  periodicity  of  parasitemia 
and  be  characteristic  for  the  parasite's  developmental 
asexual  blood  stages.  Second,  chloroquine  may  exert  its 
chemotherapeutic  action  by  depletion  of  erythrocytic  ATP 
levels.  Perchloric  acid  extracts  were  examined  using  a high 
performance  liquid  chromatographic  system  (HPLC) , with  a 
microparticulate  anion  exchange  column.  Dramatic  changes 
were  observed  in  adenylates,  although  variations  were  re- 
corded for  all  major  ribonucleotides.  Infected  monkeys 
followed  over  2-3  cycles  showed  variations  in  nucleotide 


pools  characteristic  of  the  predominant  schizogonic  growth 
stage.  During  "ring"  state,  ATP  levels  (ATP) , total  ad- 
enylates (EAXP)  and  adenylate  energy  charge  (AEC)  were 
maintained  at  or  above  basal  values  independent  of  para- 
sitemia. During  trophozoite  stage  and  schizogony,  the  above 
parameters  were  markedly  decreased.  Uninfected  monkeys 
given  therapeutic  doses  of  CQ  exhibited  dose/time  dependent 
decreases  in  1ATP1  and  AEC  whereas  EAXP  decreased  slightly. 
Return  toward  basal  levels  correlated  with  the  biological 
half-life  for  CQ  in  monkeys.  In  CQ  treated  monkeys,  ATP 
levels  decreased,  AEC  stabilized,  and  stage-related  vari- 
ations in  these  two  parameters  did  not  occur. 

To  investigate  in  more  detail  the  relationships  between 
erythrocyte  and  parasite  metabolism,  assays  for  the  purine 
interconversion  enzymes  have  been  set  up  and  standardized. 
Activity  of  each  of  these  enzymes  is  currently  being  de- 
termined in  uninfected  erythrocytes,  in  isolated  parasites, 
and  in  infected  erythrocytes. 

d.  Glucose  metabolism 


Alterations  in  glucose  metabolism  in  monkeys  with 
a synchronous  P.  knowlesi  infection  have  been  examined  at 
the  same  time  as  nucleotide  metabolism  in  the  animals 
described  above  (section  l.c.  Purine  nucleotide  metabolism). 
Measurement  of  glycolytic  enzymes  in  erythrocytes  from  these 
monkeys  reveal  an  increase  in  activity  of  pyruvate  knase  and 
hexokinase  in  all  animals  following  inoculation  with  sta- 
bilate,  usually  beginning  before  parasitemia  was  patent.  In 
some  animals,  glucose-6-phosphate  dehydrogenase  and  phos- 
phof ructokinase  were  elevated  as  well.  In  collaboration 
with  Dr  Richard  Carter  from  the  Laboratory  of  Parasitic 
Diseases,  NIH,  we  have  set  up  starch  gel  electrophoresis  for 
each  of  the  above  enzymes  to  determine  whether  they  are  host 
or  parasite  enzymes. 

In  collaboration  with  Drs  M.  Wood  and  A.  Harken  of  the 
Division  of  Surgery,  WRAIR,  and  Dr  Maria  Delavoria-Popa- 
dopoulos  from  the  University  of  Pennsylvania  School  of 
Medicine,  a method  was  developed  for  augmenting  2,3-DPG  in 
dog  erythrocytes.  In  red  cells  of  most  mammalian  erythro- 
cytes, 2,3-DPG  can  be  elevated  by  incubation  of  stored  blood 
with  inosine,  pyruvate,  and  inorganic  phosphate.  In  the 
presence  of  the  red  cell  enzyme  purine  nucleoside  phos- 
phorylase  (PNP) , inosine  plus  phosphate  is  broken  down  to 
ribose-l-phosphate  and  hypoxanthine . The  ribose-l-phosphate 
is  subsequently  converted  to  2,3-DPG  within  the  red  cell. 
Since  the  preferred  laboratory  animal  for  most  forms  of 
surgical  research  is  the  dog,  and  since  the  dog  has  been 
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demonstrated  to  have  no  erythrocyte  PNP  activity.  (Blood 
39:525,  1972)  an  attempt  was  made  to  find  an  alternative 
method  of  augmenting  2,3-DPG  in  this  animal.  Since  neither 
dihydroxyacetone  nor  glyceraldehyde  are  charged  and  there- 
fore enter  the  red  blood  cell  with  relative  eass  (Blood 
41:559,  1973),  where  they  are  then  phosphorylated  by  trio- 
kinase,  dihydroxyacetone  was  chosen.  Infusions  containing 
dihydroxyacetone,  along  with  pyruvate  (to  permit  NAD  re- 
generation by  conversion  of  pyruvate  to  lactate,  thereby 
allowing  all  1,3-DPG  formed  from  the  dihydroxyacetone  to 
proceed  to  2,3-DPG)  were  administered  to  thirty  dogs.  The 
concentration  of  2,3-DPG  was  initially  16.2+  0.4  yM/gm  Hb 
and  increased  to  18.6+  0.6  yM/gm  Hb  (mean  + SEM)  in  dogs 
infused  with  the  dihydroxyacetone  -pyruvate  solution. 
Concurrently,  the  P50  increased  from  27.6  + 0.9  torr  to 
31.76  + 0.6  torr  in  these  animals.  Triokinase  was  demo- 
nstrated in  erythrocytes  of  all  dogs.  No  changes  were  seen 
in  either  2,3-DPG  levels  or  P50  when  animals  were  admin- 
istered either  saline  or  pyruvate  alone. 

e.  Heavy  metal  detection  and  toxicity 

A method  was  developed  for  simultaneous  measure- 
ment of  iron  and  copper  ions  in  0.2  ml  of  serum  after  using 
guanidine  hydrochloride  to  cause  their  release  from  protein. 
Sensitive  reagents  for  iron  (2 , 4 , 6-tripyridyl-5-triazine) 
and  copper  (disodium  2 , 9-dimethyl-4 , 7-diphenyl-l , 10-phen- 
anthroline  disulfonate)  were  used  to  determine  the  level  of 
the  freed  metal  ions.  Spectral  interference  between  the  two 
metal-ion  complexes  was  eliminated  by  selective  use  of  pH. 
Results  of  the  method  compared  well  with  those  obtained  by 
accepted  methods  in  which  the  concentration  of  these  ions 
are  measured  independently. 

Similarly,  a method  was  developed  for  the  improved  colori- 
metric determination  of  serum  zinc.  This  method  also  uses 
the  principle  of  protein  perturbation  without  precipitation 
to  effect  quick  release  of  protein-bound  metal. 

In  collaboration  with  Dr  D.  Hawkins  (Division  of  Neuro- 
psychiatry) , a newborn  rat  model  has  been  developed  for 
quantitative  assessment  of  lead  encephalopathy  and  response 
to  treatment.  Lead  is  administered  to  newborn  rats  crossbred 
to  be  (a)  drinker  rats,  which  will  take  the  lead-containing 
water  and  (b)  auditory  seizure-sensitive  for  quantitation  of 
siezure  thresholds  by  sound  stimulation.  This  model  will  be 
used  to  examine  the  potential  usefulness  of  pyridoxine  in 
treating  lead  encephalopathy.  Lead  has  been  shown  to 
inhibit  pyridoxal  kinase,  and  intramuscular  pyridoxal  phos- 
phate has  been  shown  to  rapidly  reverse  peripheral  neuro- 
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pathy  due  to  lead  poisoning. 

f . Oxygen  toxicity  and  the  role  of  superoxide  dismutase 

In  collaboration  with  Maj  A.  Harken  and  SP5  R. 

Li llo  of  the  Division  of  Surgery,  WRAIR,  the  effect  of 
oxygen  tension  (Po2>  on  oxygen  consumption  (Vo2)  of  rabbit 
liver  slices  was  investigated  to  determine  the  relationship 
between  extracellular  fluid  Po2  and  liver  slice  Vo2> 

Seventy  rabbits,  5 kg  each,  were  sacrificed  with  air  embo- 
lism. Liver  slices  (0.3  gm)  in  Krebs-Ringer ' s-phosphate 
(KRP)  dextrose  were  placed  in  a constantly  agitated,  37 °C, 
closed  cuvette,  and  Po2  was  continuously  monitored  down  to 
10  torr.  The  system  was  reoxygenated  and  closed,  and 
observations  were  repeated.  Hemoglobin  concentration  was 
measured  on  the  liver  slice  homogenate,  and  a P^  was 
measured  on  autologous  blood.  The  presence  of  small  amounts 
of  hemoglobin  in  the  supernatant  was  confirmed  by  electro- 
phoretic, spectrophotometric , and  morphologic  studies.  The 
pH  decreased  from  mean  7.47  to  mean  7.37  during  each  run. 

The  resultant  increase  in  P,-n  was  recalculated  and  included 
in  the  determination  of  eacnui02  content/min  (Vo2) . Vo2  at 
Po2  30  torr  was  greater  than  Vo2  at  Po2  90  torr  or  10  torr 
(p<0.0001  in  each  case).  Vo2  at  Po2  30  torr  was  not  signif- 
icantly different  in  the  first  vs  tne  second  run  (p>0.85). 

The  critical  oxygen  tension  for  hepatocyte  respiration 
appears  to  be  30  torr. 

Studies  examining  oxidant  injury  in  the  lung  have  also 
been  initiated.  Work  in  this  area  so  far  has  been  con- 
centrated on  the  isolation  and  culture  of  Type  II  pneumo- 
cytes  and  establishment  of  assays.  Methods  have  been  set  up 
to  measure  superoxide  dismutase  activity  by  two  methods:  (a) 
lipid  peroxidation  by  both  malondialdehyde  release  and 
conjugated  diene  fluorimetry,  and  (b)  superoxide  generation 
by  cytochrome  c reduction  and  chemiluminescence.  Appli- 
cation of  these  assays  to  an  iri  vitro  oxygen  toxicity  model 
is  in  progress. 

2 . Examination  of  blood  cell  surface  membrane  composition 
and  function  in  normal  and  disease  states 

Our  department's  studies  of  the  role  of  blood  cell  surface 
membrane  composition  and  function  have  been  extended  this 
past  year  to  include  membranes  of  several  types  of  cells  in 
addition  to  the  lymphocytes.  In  particular,  studies  are  in 
progress  which  involve  erythroid  precursor  cells,  platelets, 
and  mononuclear  phagocytes. 

a . Erythroid  precursor  cells 
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In  vitro  growth  of  erythroid  stem  cells  in  plasma 
clot  cultures  is  being  used  to  elucidate  the  role  of  the 
cell  surface  in  regulating  stem  cell  proliferation,  and  the 
interactions  between  lymphocytes  and  stem  cell  growth. 

Lectins  have  been  used  to  look  at  the  role  of  the  cell 
surface  in  stem  cell  proliferation.  The  three  lectins  used 
have  known  receptors  on  mature  red  cells;  Concanavalin  A, 
Wheat  Germ  Agglutinin,  and  Phytohemagglutinin.  Initially 
each  of  the  lectins  was  added  in  varying  doses  to  standard 
plasma  clot  cultures  using  murine  marrow.  Dose  response 
curves  were  generated  for  each  lectin  and  it  was  found  that 
all  three  lectins  had  significant  effects  on  stem  cell 
growth  in  extremely  low  doses.  Two  lectins  (WGA  and  PHA) 
suppressed  stem  cell  growth  while  the  third  (Con  A)  stimu- 
lated growth.  Since  WGA  and  PHA  have  been  noted  by  others 
to  bind  erythropoietin  which  is  necessary  for  erythroid  stem 
cell  growth,  we  used  j^incubation  studies  as  well  as 
binding  studies  with  DI  labelled  lectin  to  determine 
whether  this  accounted  for  the  suppression  noted.  We  found 
in  fact  that  the  lectin  aside  from  binding  to  erythropoietin 
have  a direct  effect  upon  some  cell  present  within  the 
marrow  population.  That  cell  could  either  be  the  stem  cell 
itself  or  an  intermediate  cell  such  as  a lymphocyte.  The 
importance  of  the  possible  generation  of  "Suppressor"  lympho- 
cytes by  these  agents  lies  in  the  fact  that  within  the  past 
year  several  clinical  investigators  have  documented  that  a 
significant  number  of  patients  with  severe  bone  marrow 
failure  of  unknown  etiology  have  been  found  to  have  "sup- 
pressor" lymphocytes  in  both  their  peripheral  blood  and  bone 
marrow.  These  patients  are  potentially  capable  of  improving 
their  marrow  function  when  treated  with  antithymocyte 
globulin  to  eliminate  the  pathologic  clone  of  lymphocytes. 

Our  system  then  might  serve  as  an  excellent  model  to  look  at 
the  mechanism  for  lymphocyte  suppression  of  stem  cell  growth 
and  to  look  for  other  important  exogenous  agents  capable  of 
producing  bone  marrow  failure  by  similar  mechanisms. 


Investigations  presently  being  undertaken  by  us  then  include: 
(a)  co-culture  experiments  in  which  lectin  stimulated 
purified  murine  lymphocytes  are  cultured  with  normal  murine 
marrow  to  look  for  suppression  of  stem  cell  growth,  and  (b) 
purification  of  erythroid  stem  cells  by  unit  gravity  veloc- 
ity sedimentation  followed  by  determination  of  certain 
normal  molecular  parameters  such  as  cyclic  AMP  and  nuclear 
. phosphorylation  after  erythropoietin  production  and  investi- 
ition  of  alterations  in  the  normal  sequence  by  previous 
i Iteration  of  the  stem  cell  by  lectins  and/or  other  agents. 


b.  Platelets 


Increased  platelet  surface  sialytransferase 
activity  (PSSA)  has  been  shown  to  be  associated  with  ep- 
inephrine and  ADP  induced  platelet  aggregation  (Wu  K.  K.  et. 
al.,  Thrombos.  Haemostas  38:8,  1977).  As  part  of  our 
department's  effort  to  examine  in  detail  the  hypercoagulable 
state,  the  relationship  between  enhanced  platelet  aggre- 
gation, hypercoagulability  and  platelet  surface  sialytrans- 
ferase activity  in  a group  of  patient's  with  cancer-associa- 
ted hypercoagulability  has  been  examined.  Coagulation 
parameters,  factor  VIII  antigen  (VIII  Ag) , ristocetin  co- 
factor activity  (VIII  VWF) , platelet  sialic  acid,  platelet 
aggregation,  and  PSSA  were  examined  in  these  patients.  PSSA 
was  measi^^ed  by  the  ability  of  intact  platelets  to  incor- 
porate Cx  -CMP  sialic  acid  into  exogenous  (asialof etuin 
acceptors)  and  endogenous  (platelet  membrane)  receptors 
(modified  from  Boseman  H.B.  Biochem.  Biophys.  Acta.  279: 
459,1972).  The  cancer  patients  demonstrated  enhanced 
platelet  aggregation,  increased  VIII  Ag  and  VIII  VWF  ac- 
tivity, and  increased  exogenous  PSSA  as  manifestations  of 
hypercoagulability.  Of  12  cancer  patients,  6 had  major 
thrombotic  episodes  (pulmonary  embolus  - 2,  stroke  -2,  deep 
venous  thrombosis  - 1,  and  acute  hepatic  artery  thrombosis  - 
1) . This  data  suggests  an  association  between  increased 
PSSA,  ehanced  platelet  aggregation,  hypercoagulability  and 
thrombosis  in  these  patients. 

c . Mononuclear  phagocytes 

Investigations  of  membrane  functions  of  mononuclear 
phagocytes  have  focused  on  alevolar  macrophage  function  in 
respiratory  infection,  and  on  monocyte  interactions  with 
Dengue  Fever  virus. 

Antibody  dependent  cellular  cytotoxicity  assays  have  been 
adapted  for  use  with  pulmonary  alveolar  macrophages. 

Bronchus  associated  lymphoid  tissue  (BALT)  cells  have  been 
separated  from  the  lungs  of  guinea  pigs,  and  work  has  begun 
on  characterizing  their  function  in  cytotoxicity  assays.  In 
vitro  modulation  of  macrophage  function  by  the  pharmacologic 
agents  levamisole  and  polynucleotides  is  being  examined. 

These  agents  appear  to  enhance  cytotoxic  activity  of  both 
pulmonary  alveolar  macrophages  and  BALT  cells. 

F(ab’)2  fragments  from  specific  dengue  immune  serum  has  been 
prepared.  This  will  be  tested  by  Dr  Walter  Brandt,  Division 
of  Communicable  Diseases  and  Immunology  for  dengue  virus 
neutralization.  If  the  fragments  retain  neutralization 
activity,  they  will  be  used  as  a tool  to  study  the  role  of 
Fc  receptors  in  the  immune  serum-enhanced  viral  replication 


in  monocytes. 

d . Lymphocytes 

Work  was  carried  to  completion  on  several  studies 
of  lymphocyte  membrane  structure  and  function.  Since 
preliminary  results  for  these  studies  were  described  in  last 
year's  annual  report,  only  a brief  description  of  each  of 
these  will  be  presented. 

Binding  studies  with  six  purified  plant  lectins  were  used  to 
investigate  membrane  alterations  that  occur  in  lymphocyte 
transformation.  Normal  human  peripheral  blood  lymphocyte 
transformed  with  E-PHA  or  con-A  generally  possessed  in- 
creased numbers  of  lectin  receptors.  When  this  increase  was 
corrected  for  the  expanded  surface  area  of  transformed 
lymphocytes,  it  appeared  that  E-PHA  and  con-A  each  produced 
a unique  and  complex  reorganization  of  cell  surface  to 
pography.  Surface  alterations  occurred  independently  of  DNA 
synthesis,  cell  proliferation,  and  microtubule  or  micro- 
filament function.  Puromycin  inhibited  emergence  of  new 
lectin  receptors  on  cells  transformed  with  E-PHA,  but  not 
with  con-A.  Lymphocytes  incubated  with  either  lectin  showed 
increased  incorporation  of  ^C-galactose  into  trypsin- 
sensitive  cell  surface  glycoprotein.  This  incorporation  was 
abolished  by  puromycin  in  cells  stimulated  by  E-PHA  but  not 
by  con-A.  These  studies  demonstrate  that  although  both 
lectins  induce  similar  morphological  alterations  in  human 
lymphocytes,  at  the  molecular  level  the  structural  changes 
induced  in  the  cell  membrane  by  these  two  lectins  differ 
considerably.  Furthermore,  these  structural  alterations  are 
mediated  via  different  mechanisms  in  the  two  groups  of 
cells.  De  novo  protein  synthesis  is  required  for  cell 
surface  reorganization  in  phytohemagglutinin-stimulated 
cells,  but  not  in  cells  stimulated  by  concanavalin  A.  The 
effect  of  con-A  appears  to  be  to  enhance  attachment  of 
saccharide  structures  to  presynthesized  membrane  proteins. 

A large  proportion  of  DNA  synthesized  in  vitro  by  human 
lymphocytes  stimulated  with  plant  mitogens  or  specific 
antigens  is  selectively  excreted  from  the  cells.  To  de- 
termine if  DNA  excretion  differs  among  various  types  of 
lymphocytes,  we  examined  purified  human  lymphocyte  sub- 
populations for  DNA  synthesis  and  excretion  in  response  to 
stimulation  by  L-PHA.  The  relative  proportion  of  newly 
synthesized  DNA  that  is  excreted  by  unseparated  mononuclear 
cells,  macrophage-depleted  cells,  T,  and  B lymphocytes  is 
identical  despite  great  differences  in  the  magnitude  of 
their  responses.  Low  levels  of  both  DNA  synthesis  and 
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excretion  by  macrophage-depleted  cells  and  B cells  can  be 
increased  by  reconstitution  with  macrophages  and  T cells, 
respectively.  These  data  indicate  that  DNA  excretion  is  a 
general  property  of  lymphocytes  stimulated  to  undergo  DNA 
synthesis  by  plant  mitogens. 

The  ability  of  the  mitogenic  components  of  phytohemagglu- 
tinin (PHA)  and  the  nonmitogenic  lectin,  wheat  germ  agglu- 
tinin (WGA)  to  cause  autologous  cellular  cytotoxicity  of 
human  red  blood  cells  were  compared.  E-PHA  demonstrated 
gradually  increasing  effectiveness  in  the  induction  of 
autologous  cellular  cytotoxicity  over  a concentration  range 
of  4.2  to  83  ug/ml.  L-PHA  did  not  induce  any  cytotoxicity 
over  a range  of  5 to  270  yg/ml.  By  contrast,  WGA  was 
effective  at  lower  concentrations  than  E-PHA  in  inducing 
cellular  cytotoxicity  and  exhibited  a maximum  effect  over  a 
narrow  range  between  4 and  8 yg/ml  decreasing  in  potency  at 
higher  concentrations.  Both  E-PHA  and  WGA  produced  their 
peak  cytotoxic  effect  at  killer-to-target  cell  ratios  of 
approximately  25:1.  In  addition,  WGA  was  capable  of  in- 
ducing cytotoxicity  (37.8%)  at  a lower  killer-to-target  cell 
ratio  (1:1)  than  was  E-PHA. 

We  investigated  mechanisms  by  which  plant  lectins  induce 
human  peripheral  blood  mononuclear  cells  to  kill  red  blood 
cells  (RBC)  from  different  species  selectively.  Cytotoxic- 
ity was  induced  by  both  mitogenic  components  of  phytohemag- 
glutinin-P  (PHA) , erythroagglutinating  (E-PHA)  and  leuko- 
agglutinating  (L-PHA) , and  the  nonmitogenic  lectin  wheat 
germ  agglutinin  (WGA) . The  target  cells  used  in  an  over- 
night chromium  release  assay  included  human  autologous  RBC, 
human  allogeneic  RBC,  and  xenogeneic  RBC  from  sheep  or 
chickens.  Although  E-PHA  induced  cytotoxicity  for  all  cell 
types,  L-PHA  caused  human  mononuclear  cells  to  kill  only 
xenogenic  RBC  and  conversely,  WGA  induced  killing  of  only 
human  RBC.  These  differences  allowed  further  investigation 
of  possible  control  mechanisms.  The  target  cell  specificity 
associated  with  lectin-induced  cellular  cytotoxicity  did  not 
correlate  with  lectin  binding  to  or  agglutination  of,  the 
different  red  blood  cell  types.  Furthermore,  preincubation 
of  RBC  with  lectins  followed  by  washing  did  not  result  in 
cytotoxicity.  However,  when  the  mononuclear  cells  were 
preincubated  with  the  lectins,  the  same  cytotoxic  speci- 
ficity was  observed  as  when  lectins  were  present  during  the 
entire  assay.  These  experiments  suggest  that  the  target 
cell  specificity  observed  with  lectin-induced  cellular 
cytotoxicity  is  related  to  a prearmed  lymphocyte  which  seeks 
out  and  kills  the  appropriate  target  cell. 

The  development  of  profound  leukocytosis  in  a patient  with 


leukemic  reticuloendotheliasis  (LRE)  enabled  us  to  obtain 
purified  LRE  cells  for  the  investigation  of  their  structural 
and  functional  characteristics.  The  LRE  cells  of  our 
patients  bore  surface  immunoglobulin  and  had  complement 
receptors  but  did  not  bear  F receptors  and  did  not  form 
rosettes  with  sheep  erythrocytes . By  electron  microscopy, 
the  cells  were  observed  to  contain  typical  ribosome  lamella 
structures  and  to  phagocytize  both  0.81  pm  latex  particles 
and  complement-coated  zymosan  particles.  They  were  adherent 
to  both  glass  and  nylon  wool  fibers.  The  mitogenic  response 
to  erythroagglutinating  phytohemagglutinin  was  normal  ih?t- 
magnitude  but  delayed  chronologically.  The  binding  of  ">1- 
labeled  plant  lectins  was  used  to  characterize  the  surface 
topography  of  LRE  cells.  Results  of  these  studies  indicated 
that  the  LRE  cell  surface  differed  significantly  from  the 
surface  of  normal  T and  B lymphocytes  and  chronic  lymphatic 
leukemia  cells.  The  LRE  cells  were  capable  of  both  stimu- 
lating and  responding  in  a one-way  mixed  lymphocyte  culture. 
However,  the  LRE  cells  were  not  active  as  effector  cells  of 
either  cell-mediated  lympholysis,  a T cell  function,  or 
antibody-dependent  cellular  cytotoxicity,  a null  cell 
function.  In  contrast,  they  were  effector  cells  of  lectin- 
induced  cellular  cytotoxicity  showing  that  they  did  possess 
the  capacity  to  function  as  cytotoxic  effector  cells.  These 
data  indicated  that  the  LRE  cells  in  our  patient  had  surface 
and  functional  charcteristics  of  both  lymphocytes  and  mono- 
cytes . 

A panel  of  five  plant  lectins  with  different  binding  speci- 
ficities was  used  to  determine  if  plant  lectins  could  bind 
specifically  to  membrane-associated  glycolipids.  Ricinis 
communis  and  wheat  germ  agglutinins  both  bound  specifically 
to  mixed  brain  gangliosides  and  globoside  I from  human 
erythrocytes.  Wheat  germ  agglutinin  also  bound  to  ganglio- 
side  Gmi  and  human  erythrocyte  ceramide  trihexoside,  but  not 
to  ceramide  dihexoside,  mono-,  or  digalactosyl  diglycerides. 
Concanavalin  a bound  to  liposomes  with  or  without  glycolipid 
subststituents , and  this  binding  was  partially  inhibited  by 
a-methyl  mannoside.  This  study  indicates  that  lectins  can 
specifically  recognize  and  bind  to  certain  glycolipids  in 
membranes . 

3 . Alterations  in  hemostasis  produced  by  disease,  injury, 
physical  stress,  or  medications 

A major  effort  of  our  hemostasis  studies  during  the  past 
year  has  been  to  examine  biochemical  mechanisms  underlying 
hemostatic  alterations  in  several  disease  states.  These 
studies  include:  (a)  examination  of  the  effect  of  neura- 
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minidase  treatment  of  factor  VIII /von  Willebrand  factor  on 
its  functional  integrity,  (b)  development  of  a radioim- 
munoassay for  fragments  of  the  fibrinogen  alpha  chain,  (c) 
development  of  a radioimmunoassay  for  the  third  component  of 
complement,  and  (d)  completion  of  studies  examining  effects 
of  endotoxin  on  tissue  factor  generation  by  human  mono- 
nuclear cells.  In  addition,  studies  have  been  completed 
describing  (e)  hemostatic  alterations  in  rats  infected  with 
Trypanosoma  rhodesiense,  (f)  the  clinical  and  laboratory 
findings  in  a patient  with  uncontrolled  gastrointestinal 
bleeding  secondary  to  combined  hemostatic  defects  (von 
Willebrand' s disease  and  hemorrhagic  telangiectasia,  (g) 
acquired  platelet  dysfunction  following  mithramycin  therapy, 
and  (h)  hemostatic  profiles  of  patients  with  various  clini- 
cal manifestations  of  hypercoagulability. 

a . Reduced  ristocetin-induced  aggregation  of  normal 

humor  platelets  after  neuraminidase  treatment  of  factor 

Vlll/von  Willebrand  factor 


Normal  human  factor  Vlll/von  Willebrand  factor  (f 
VUI/vWf)  was  purified  by  gel  filtration,  followed  by 
treatment  with  protease-free  Vibrio  Cholera  neuraminidase 
(VCN)  to  release  70%  of  its  sialic  acid  content.  The 
desialized  f VUI/vWf  was  compared  to  untreated  f VUI/vWf 
for  both  procoagulant  activity  and  platelet  aggregation  in  a 
standard  ristocetin-induced  platelet  aggregation  (RIPA) 
system.  The  neuraminidase  treated  f VUI/vWf  contained 
normal  proagulant  activity  but  demonstrated  a 78%  reduction 
in  ristocetin  cofactor  activity.  To  examine  more  completely 
the  chemical  interaction  between  VCN  and  f VUI/vWf,  large 
volumes  of  both  neuraminidase  and  f VUI/vWf  were  incubated 
together  using  identical  conditions  as  mentioned  for  the 
procoagulant  and  ristocetin  studies.  After  incubation  this 
mixture  was  dialyzed,  concentrated,  then  eluted  over  a 
Sephadex  G-150  column.  25%  of  the  free  sialic  acid  was 
recoverable  in  the  dialysate  and  column  chromatography 
revealed  complete  dissociation  of  the  two  protein  peaks 
indicating  that  the  interaction  of  VCN  on  f VUI/vWf  was  by 
desialization  only.  Carbohydrate  analysis  of  the  purified  f 
VIII/VWF  demonstrated  that  5.2%  of  this  protein,  by  weight, 
contained  sugar  residues  which  include  0.98%  sialic  acid, 
1.64%  hexose,  and  2.55%  hexosamine.  These  data  indicate  that 
human  f VUI/vWf  is  a glycoprotein  containing  1%  sialic 
acid.  The  presence  of  this  sugar  residue  on  f VUI/vWf  is 
not  necessary  for  procoagulant  activity.  However,  the 
absence  of  sialic  acid  significantly  inhibits  the  ability  of 
f VUI/vWf  to  effect  platelet  aggregation  in  the  ristocetin 
assay . 
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b.  Development  of  a radioimmunoassay  for  fragments 
of  the  fibrinogen  alpha  chain 


In  collaboration  with  Dr.  Earl  Ferguson,  USUHS,  we 
are  in  the  process  of  developing  a radioimmunoassay  for 
peptide  fragments  of  the  fibrinogen  alpha  chain  that  contain 
the  acceptor  site  for  crosslinking  of  fibrinogen  related 
peptides  involved  in  f ibrinogenolysis , formation  of  fibrin 
monomer,  and  fibrinolysis.  We  have  recently  received  enough 
purified  protein  from  Dr.  Ferguson  to  initiate  these  studies, 


Antisera  to  the  alpha  chain  peptides  are  being  raised  in  New 
Zealand  white  rabbits  and  are  being  characterized  for 
specificity  and  sensitivity.  To  date,  we  have  obtained  four 
antisera.  In  addition,  methodology  is  being  developed  for 
the  radioiodination  of  these  peptides  and  their  character- 
ization by  gel  chromatography  and  SDS  polyacrylamide  gel 
electrophoresis . 


c . Development  of  a radioimmunoassay  for  the  third 
component  of  complement 


In  collaboration  with  Dr  Brian  Tack  (American 
National  Red  Cross)  and  Dr  Alan  Schechter  (Laboratory  of 
Chemical  Biology,  NIAMDD,  NIH) , Cpt  Lorenz  has  developed  a 
radioimmunoassay  for  the  third  component  of  human  comple- 
ment. The  third  component  of  human  complement  (C3)  was 
purified  to  homogeneity  by  the  method  of  Tack  and  Prahl 
(Biochem.  15 : 4513,  1976).  Sheep  and  rabbits  were  made 
hyperimmune  with  C3,  as  well  as  with  activation  fragements 
C3b,  C3c,  and  C3d,  as  determined  by  standard  double-dif- 
fusion assays.  Radiolabeling  of  C3  and  each  of  the  frag- 
ments was  performed  by  reductive  alkylation  with  tritiated 
sodium  borohydride  (10  Ci/mmol)  and  formaldehye.  This 
method,  which  effects  the  methylation  of  free  amino^groups , 
allowed  labeling  to  specific  activities  of  v 4 x 10"*  cpm/yg, 
with  minimal  change  in  function  as  determined  by  the  hemo- 
lytic activity  assay  for  C3.  Competitive  binding  studies 
were  conducted  by  incubation  of  the  labeled  and  native  C3 
proteins  with  a 1/10,000  dilution  of  the  sheep  antiserum  and 
free  protein  was  separated  from  bound  with  a burro  anti- 
sheep IgG  antiserum.  This  radioimmunoassay  indicted  an 
affinity  constant  of  about  5 x 10y  liters/mol  and  with  100  X 
samples  could  be  used  quantitatively  in  the  range  from  2 to 
80  ng  of  C3.  The  affinities  of  native  and  labeled  C3  for 
the  antibodies  were  equivalent.  Direct  radioimmunoassay  and 
quantitative  inhibition  studies  with  each  of  the  fragments 
are  in  progress  to  evaluate  the  antigenic  relationships 
among  these  proteins  with  the  goal  of  developing  specific 
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assays  for  each  of  these  activation  fragements.  However, 
the  present  C3  assay  itself  should  have  utility  in  clinical 
studies  and  in  vitro  measurements  of  the  complement  pathway. 

d . Effects  of  endotoxin  on  tissue  factor  generation 

by  human  mononuclear  cells 

The  effects  of  the  presence  of  endotoxin  in  a 
mononuclear  cell  culture  system  were  assessed.  Endotoxin 
was  shown  to  be  mitogenic  for  human  peripheral  blood  lympho- 
cytes and  capable  of  stimulating  the  generation  of  tissue 
factor.  Concentrations  of  endotoxin,  found  to  contaminate 
many  commercial  mitogens  and  antigens,  activated  mononuclear 
cells  in  a time-dependent  manner.  Generation  of  tissue 
factor  was  detected  in  cultures  harvested  from  2 to  72  hours 
following  stimulation  with  endotxin.  Dose-response  curves 
relating  concentrations  of  endotoxin  to  mononuclear  cell 
stimulation  were  determined;  as  little  as  0.0001  yg/ml  of  E 
coli  endotoxin  was  capable  of  stimulating  the  generation  of 
tissue  factor  in  the  cell  cultures.  The  mitogenic  effect  of 
endotoxin  was  modest,  however,  and  appeared  to  be  unrelated 
to  the  ability  of  endotoxin  to  activate  tissue  factor. 
Inhibition  of  DNA  synthesis  in  the  cell  cultures  by  cytosine 
arabinoside  or  nonlethal  irradiation  failed  to  impair  the 
generation  of  tissue  factor.  Endotoxin  contamination  of 
various  reagents  used  in  cell  culture  was  evaluated .with  the 
Limulus  assay,  which  detected  as  littled  as  1 x 10  yg/ml 
of  endotoxin.  Endotoxin  was  detected  in  preparations  of 
phytohemagglutinin,  purified  protein  derivative  of  the 
tubercule  bacillus,  mumps  vaccine,  tetanus  toxoid,  con- 
canavalin  A,  and  pokeweed  mitogen.  Because  of  the  broad 
implications  of  contamination  by  endotoxin  of  various  re- 
agents, we  assessed  the  specificity  of  the  Limulus  assay  for 
the  detection  of  endotoxin  in  the  lectin,  concanavalin  A, 
and  determined  that  the  reaction  was  specific  for  endotoxin. 
Contamination  by  endotoxin  of  mononuclear  cell  culture 
systems  should  be  considered  as  a possible  factor  in  the 
production  of  various  biological  effects  attributed  to  some 
commonly  used  mitogens  and  antigens. 

e . Hemostatic  alterations  in  rats  infected  with 

Trypanosoma  rhodesiense 

Rats  were  infected  with  Trypanosoma  rhodesiense 
(EATRO  1886)  and  groups  of  animals  were  exsanguinated  at 
weekly  intervals  for  four  weeks.  Platelet  counts,  plasma 
fibrinogen  concentrations,  prothrombin  times,  C3,  C4,  whole 
complement  levels,  and  alternative  pathway  activation  were 
monitored.  Routine  hematologic  tests  were  performed  and 


tissues  were  examined  histologically. 

A 37%  reduction  in  platelets  was  noted  one  week  after 
inoculation  with  a progressive  reduction  of  up  to  94%  by  the 
fourth  week.  In  spite  of  these  marked  changes  in  platelet 
counts,  no  systematic  abnormalities  in  the  other  parameters 
of  coagulation  were  observed.  A drastic  decrease  in  C4  was 
observed  beginning  two  weeks  after  infection  and  continued 
through  the  fourth  week.  Beginning  three  weeks  after 
infection,  C3  levels  decreased  markedly  and  there  was 
evidence  of  alternative  pathway  activation.  Whole  com- 
plement levels  decreased  from  11,520  CH,-Q  units/ml  prior  to 
inoculation  to  less  than  320  CH5Q  units  /ml  3 weeks  after 
infection.  Anemia  was  also  evident  in  the  animals.  At  four 
weeks  post-infection  there  was  a 50%  decrease  in  erythrocyte 
counts  with  accompanying  decreases  in  hematocrit  and  hemo- 
globin levels.  The  mean  corpuscular  volume  increased  by 
28%,  and  the  final  blood  samples  revealed  a high  percentage 
of  nucleated  erythrocytes  indicating  regeneration  of  the 
erythron.  A brisk  leukocytosis  was  also  observed.  Histo- 
logic evidence  of  glomerulonephritis  was  evident  in  infected 
animals . 

The  lack  of  evidence  of  coagulation  factor  activation 
suggests  that,  in  this  model,  thrombocytopenia  may  proceed 
through  pathways  not  involving  DIC.  Platelet  destruction 
through  mechanisms  involving  immune  complexes  constitutes 
one  reasonable  hypothesis  to  explain  the  observed  phenomena. 

f . von  Willebrand's  disease  and  hemorrhagic 

telangiectasia 

The  clinical  and  laboratory  findings  in  a patient 
with  uncontrolled  gastrointestinal  bleeding  secondary  to 
combined  hemostatic  defects  (von  Willebrand's  disease  and 
hemorrhagic  telangiectasia)  are  described.  Evidence  for  von 
Willebrand's  disease  was  found  in  five  family  members,  but 
no  other  affected  relative  was  found  to  have  hemorrhagic 
telangiectasia.  Complete  assessment  of  the  patient  and  her 
family  included  determination  of  factor  VIII  activity, 
factor  VIII  antigen  and  von  Willebrand  factor  levels.  The 
patient  described  also  was  evaluated  for  her  response  to 
transfusion  utilizing  these  same  measurements. 

g . Acquired  platelet  dysfunction  following 

mithramycin  therapy 

Bleeding  time,  platelet  aggregation,  platelet 
nucleotide  levels,  and  coagulation  factor  assays  were 


studied  in  three  patients  receiving  mithramycin  for  em- 
bryonal testicular  carcinomas.  These  studies  demonstrated  a 
cyclic,  reversible  hemorrhagic  diathesis  associated  with  (1) 
prolongation  of  the  bleeding  time,  (2)  decreased  platelet 
aggregation  responses  to  ADP,  collagen,  and  epinephrine,  and 
(3)  depleted  platelet  stores  of  ADP  in  the  absence  of 
thrombocytopenia.  These  abnormalities  were  temporally 
correlated  with  the  onset  of  mucocutaneous  bleeding  in  all 
patients . . 

h.  Hemostatic  profiles  of  patients  with  various 

clinical  manifestations  of  hypercoagulability 

Hypercoagulability  is  a serious  complication  of  a 
number  of  disorders  that  might  be  encountered  in  a military 
situation.  Patients  with  trauma,  burns  or  exposure  to 
extreme  environments  (heatstroke,  cold  exposure,  hyperbaric 
pressure)  are  particularly  prove  to  develop  this  compl- 
ication. Since  it  is  extremely  difficult  to  obtain  specimens 
from  patients  with  the  above  medical  problems,  we  have 
examined  two  other  groups  of  patients  known  to  have  frequent 
thrombotic  problems-patients  with  severe  vascular  disease 
and  patients  with  certain  types  of  malignancy.  Techniques 
and  concepts  developed  in  our  studies  of  these  two  groups 
will  later  be  applied  to  patients  with  hypercoagulability 
due  to  trauma,  burns,  or  environmental  exposures. 

During  a one  and  a half  year  period,  detailed  hemostatic 
data  were  obtained  on  forty  five  patients  with  clinical 
suspicion  of  hyperocagulability  based  on  well  documented 
thrombotic  episodes.  Seventeen  of  these  patients  had  purely 
arterial,  fourteen  pureley  venous,  and  fourteen  combined 
arteriovenous  thrombotic  disease.  By  eliminating  tests  with 
low  yields  and  those  duplicating  information  from  some  other 
test,  a condensed  coagulation  profile  consisting  of  six 
tests  was  derived:  fibrinogen  (56%  abonormal) ; factor  VIII 
(36%) ; factor  XI  (38%) ; activated  PTT  (46%) ; progressive 
antithrombin  activity  (20%) ; epinephrine-induced  platelet 
aggregation  (64%) . The  condensed  coagulation  profile  agreed 
with  the  clinical  profile  in  91  per  cent  of  patients  and 
disagreed  with  the  clinical  profile  in  9 per  cent  of  pa- 
tients. In  three  patients  (7  percent)  the  clinical  im- 
pression of  hypercoagulability  was  quite  strong  and  the  test 
results  were  considered  false-negative;  in  one  patient  ( 2 
per  cent)  the  laboratory  profile  was  positive  but  the 
clinical  profile  had  been  overemphasized,  accounting  for 
false-positive  results. 

Coagulation  and  platelet  function  studies  were  evaluated  in 
eighteen  patients  with  colon  cancer  (all  clinical  stages) 


prior  to  treatment  with  chemotherapy.  All  patients  were 
asymptomatic  from  bleeding  or  thrombosis  and  were  not  taking 
aspirin.  The  tests  included  general  coagulation  screening, 
coagulation  factor  analyses,  platelet  aggregation,  fibrin 
split  product  concentration  and  a serial  dilution  protamine 
sulfate  test  for  the  presence  of  fibrin  monomer.  Average 
values  compared  to  normal  controls  showed  an  elevated 
fibrinogen  400.5  mg%  (normal  300.0  mg%) , shorter  activated 
partial  thromboplastin  time  29.4  seconds  (normal  36.0), 
increased  factor  VIII  coagulant  activity  127.2%  (normal 
110%),  and  elevated  fibrin  split  products  28.8  yg/ml  (normal 
less  than  16  yg/ml) . Seven  patients  showed  the  presence  of 
fibrin  monomer.  Eight  patients  showed  enhanced  aggregation 
reacting  at  or  below  0.16  micromolar  epinephrine.  Six 
patients  in  the  study  showed  more  advanced  cancer  (five 
requiring  intrahepatic  artery  infusion  for  extensive  liver 
metastasis) . Of  this  subgroup  four  patients  demonstrated 
fibrin  monomer  and  three  patients  showed  spontaneous  plate- 
let aggregation.  In  this  group,  the  fibrinogen  was  484.2 
mg%,  fibrin  split  products  were  28.8  yg/ml,  and  factor  VIII 
was  176%.  A state  of  hypercoagulation  with  signs  of  a 
chronic  process  of  intravascular  coagulation  was  demon- 
strated in  a group  of  colon  cancer  patients  which  corres- 
ponded to  their  extent  of  disease. 
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siveness to  prostaglandin  inhibition  and  pyrogenic  hyperemia.  Dithiothreitol  was  shewn 
to  block  mercuric  chloride- induced  inhibition  of  sodium  transport  in  the  turtle  bladder, 
and  to  reverse  functional  changes  of  mercuric  chloride- induced  renal  failure  in  dogs 
when  given  either  systemically  or  by  renal  artery  infusion.  Histologic  changes  in  the 
rat  proximal  convoluted  tubule  following  mercuric  chloride  correlated  with  the  degree  of 
functional  impairment  and  were  prevented  by  dithiothreitol,  adding  histologic  confirma- 
tion to  the  tubuloglcmerular  feedback  hypothesis.  Studies  in  the  turtle  bladder  demon- 
strated two  pathways  for  phosphate  transport,  depending  upon  hydrogen  icn  concentration . 
For  technical  report  see  Walter  Reed  Army  Institute  of  Research  Annual  Progress  Report 
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Description: 

Studies  are  directed  at  invest igat ions  of  mechanisms  for  main- 
tenance body  fluid,  electrolyte  and  hemodynamic  homeostasis  or  their 
correction  in  response  to  disease,  injury  and  environmental  stress  of 
heat  stress,  infectious  disease  and  gastrointestinal  disorders.  The 
role  of  adaptive  homeostatic  mechanisms,  including  renal  and  extra  renal 
mechanisms,  whereby  body  fluid  and  solute  balance  is  achieved  and  main- 
tained in  the  face  of  stress  has  been  anphasized  in  order  to  provide  a 
rational  basis  for  the  development  of  iitproved  methods  for  prevention 
and  treatment  of  altered  fluid,  electrolyte  and  hemodynamic  states  and 
acute  and  chronic  renal  failure  induced  by  these  stresses. 

Progress : 

1.  Acute  Renal  Failure 

a.  The  mechanism  responsible  for  the  pathogenesis  of  acute  renal 
failure,  a disease  characterized  by  the  sudden  loss  of  renal  function, 
continues  to  be  the  subject  of  controversy.  However  a majority  of  re- 
cent studies  indicate  that  an  alteration  in  renal  hemodynamics,  mediated 
by  the  renin-angiotensin  system  are  responsible  for  the  near  cessation 
of  glomerular  filtration  and  progressive  azotemia  observed  in  acute 
renal  failure  (1) . A schema  for  the  pathogenesis  of  the  hemodynamic 
change  in  experimentally  induced  acute  renal  failure  in  animals  has  been 
developed  from  our  studies  of  the  effects  of  heavy  metals  such  as  uranyl 
nitrate  (2)  or  mercuric  chloride  (3) . The  initial  event  is  an  alter- 
ation in  transport  function  of  the  early  segments  of  the  nephron.  This 
epithelial  (membrane)  transport  alteration  can  be  characterized  by  de- 
creased fluid  and  electrolyte  transport  as  a direct  result  of  the  effect 
of  the  nephrotoxin  or  perhaps  ischemia  on  membrane  function  (4) . As  a 
result  of  this  change  in  fluid  and  electrolyte  reabsorption,  there  is  an 
alteration  in  the  composition  of  the  tubular  fluid  delivered  to  the 
macula  densa  segment  of  the  distal  nephron,  manifested  by  an  increase  in 
tubular  fluid  sodium  concentration . As  a direct  consequence  of  the  in- 
creased sodium  concentration  and/or  sodium  load  to  the  macula  densa  seg- 
ment, there  is  an  increase  in  the  renin-angiotensin  system  activity  on  an 
individual  nephron  level,  with  an  increase  in  juxtaglomerular  renin 
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activity  (4) . The  increased  renin-angiotensin  sytem  activity  mediates  a 
change  in  renal  hemodynamics  characterized  by  a diminution  in  total 
renal  blood  flew  with  preferential  cuter  cortical  ischemia  (5) . These 
hemodynamic  changes  in  renal  blood  flew  result  in  the  decline  in  glomer- 
ular filtration  (2) . Despite  the  decrease  in  the  filtered  load  of  sod- 
ium, as  glomerular  filtration  declines,  because  of  the  persistent  tub- 
ular transport  dysfunction  of  early  nephron  segments,  sodium  is  de- 
livered to  the  macula  densa  segment  at  high  concentrations  and  the 
increased  renin-angiotensin  system  activity  and  altered  renal  hemo- 
dynamics persist  (6) . Thus,  the  initiating  pathophysiological  defect, 
decreased  tubular  transport,  may  also  be  the  cause  for  the  rraintenance 
of  the  overall  decrement  in  renal  functions.  The  mechanism  activated  by 
this  increased  load  of  sodium  to  the  macula  densa  segment  as  described 
above  can  be  referred  to  a tubuloglcmerular  feedback  (4) . 

b.  Although  the  abnormalities  in  tubular  transport  function  have 
been  observed  in  various  experimental  models  of  acute  renal  failure,  it 
was  not  known  if  they  represented  the  primary  alterations  as  suggested 
in  the  above  schema  or  were  the  result  of  the  almost  immediate  change  in 
cortical  blood  flew.  Studies  were  therefore  designed  to  characterize 
the  effects  of  mercuric  chloride  and  uranyl  nitrate  on  epithelial  func- 
tion. Iii  these  studies,  in  order  to  avoid  the  potential  change  in 
tubular  membrane  function  which  may  be  associated  with  perturbations  in 
systemic  factors,  glomerular  filtration,  or  renal  hemodynamics,  the 
effects  of  these  heavy  metal  salts  were  studied  on  an  in  vitro  prepara- 
tion, the  urinary  blsdder  of  the  fresh  water  turtle  (Pseuderrys  scripta) 
(7,  8).  This  epithelial  preparation,  a mesonephric  derivative,  re- 
sembles the  manmalian  nephron  in  its  capacity  to  reabsorb  sodium,  se- 
crete hydrogen  ion  and  respond  to  aldosterone  and  vasopressin  (9) . 

These  studies  demonstrated  that  both  uranyl  nitrate  and  mercuric  chlor- 
ide inhibited  Na  transport  across  the  short-circuit  urinary  bladder  of 
the  turtle.  The  inhibition  began  rapidly  after  addition  of  the  heavy 
metal  to  the  urinary  side  (mucosal)  of  the  membrane,  but  not  after 
serosal  addition.  There  were  no  changes  in  the  passive  fluxes  of  elec- 
trolytes or  tissue  electrical  resistance.  The  inhibitory  effect  could 
not  be  reversed  by  removing  the  heavy  metal  from  the  bulk  solution  but 
was  rapidly  reversed  by  mucosal  addition  of  dithiothreitol , a compound 
capable  of  ccmplexing  heavy  metals  and  maintaining  monothiols  in  a 
reduced  state.  Lastly,  the  polyene  antibiotic,  anphotericin  B which 
increases  the  ^pical  cell  membrane  conductance,  also  reversed  the  in- 
hibition of  Na  transport  induced  by  these  heavy  metals.  Our  conclu-  + 
siens  from  these  studies  were  that  uranyl  nitrate  and  HgCl-  inhibit  Na 
transport  without  disrupting  the  epithelium  as  a barrier  to  the  passive 
flew  of  small  ions,  and  this  inhibition  is  reversible.  The  most  likely 
site  of  heavy  metal-membrane  interaction  is  within  the  apical  membrane 
of  the  epithelial  cell  and,  more  than  likely,  involves  complex  |ormation 
with  the  sulfhydryl  groups  of  macromolecules  associated  with  Na  trans- 
port. The  net  effect  of  heavy  metal  is  to  prevent  entry  of  sodium  into 
the  cell  from  the  luminal  side  without  specifically  affecting  the  ac- 
tive, exit  step  at  the  ba so  lateral  border  of  the  cell  or  the  enzymes  re- 
quired to  provide  energy  for  active  transport. 


c.  If  the  schema  presented  above  far  the  induction  of  acute  renal 
failure  by  heavy  metals  is  correct  ard  the  effect  of  the  heavy  metal 
salts  on  tubular  transport  function  is  analogous  to  their  effect  cn  the 
in  vitro  turtle  bladder,  dithiothreitol  should  alter  the  course  of  heavy 
metal  induced  acute  renal  failure  in  a predictable  fashion:  (1)  reduce 
the  na triuresis,  (2)  prevent  the  enhancement  of  juxtaglomerular  ap- 
paratus renin-angiotensin  activity  and  (3)  prevent  the  decrement  in 
glomerular  filtration  rate.  The  effects  of  dithiothreitol  on  the  course 
of  heavy  metal  induced  acute  renal  failure  were  examined  in  rats  exposed 
to  either  uranyl  nitrate  or  mercuric  chloride  (10) . As  predicted, 
dithiothreitol  prevented  the  usually  observed  increased  fractional  ex- 
cretion of  sodium,  azotemia,  decreased  creatinine  clearance  and  rise  in 
plasma  and  juxtaglomerular  apparatus  renin  activity  after  exposure  to 
heavy  metal  salts.  These  results  support  the  hypothesis  that  heavy 
metals  initiate  acute  renal  failure  by  altering  tubular  transport 
function  and  thereby  activating  and  perpetuating  the  tubuloglamerular 
feedback  mechanism  (10) . To  further  evaluate  the  effect  of  dithiothrei- 
tol on  uranyl  nitrate  induced  acute  renal  failure  a second  series  of  ex- 
periments were  designed  using  the  dog  as  the  experimental  animal.  In 
the  earlier  studies,  using  rats,  both  the  heavy  metal  salts  and  dithio- 
threitol were  given  intramuscularly.  It  is  possible  that  dithiothreitol 
altered  the  induction  and  progression  of  acute  renal  failure  by  changing 
the  form  of  heavy  metal  that  the  kidney  was  exposed  to  rather  than  a 
direct  effect  cn  the  heavy  metal  - membrane  complex  within  the  renal 
tissue.  In  the  dog  studies  uranyl  nitrate  was  given  as  an  intravenous 
dose.  After  a demonstrable  change  in  renal  hemodynamics,  dithiothrei- 
tol, 2.5  mgAg  body  weight,  was  infused  directly  into  one  of  the  renal 
arteries.  In  these  studies  the  changes  in  renal  function  on  the  side 
not  infused  with  dithiothreitol  continued  to  deteriorate  in  a character- 
istic fashion:  a decrease  in  total  renal  blood  flow  with  a marked 
cortical  ischemia;  increased  fractional  sodium  excretion;  and  a de- 
creased urine  volume.  The  function  of  the  kidney  that  was  infused  with 
dithiothreitol  return  to  control  values  and  by  standard  clearance  tech- 
niques appeared  to  function  normally.  These  studies  clearly  demonstrate 
that  dithiothreitol  not  only  can  prevent  but  also  can  reverse  the  patho- 
physiological alterations  induced  by  uranyl  nitrate.  The  interaction 
between  the  dithiol  sugar  and  the  uranium  salt  most  occur  within  the 
kidney.  These  studies  exclude  the  possibility  that  dithiothreitol  acts 
on  sane  systemic  factors  since  the  infusion  only  improved  renal  function 
on  the  side  it  was  infused. 

d.  In  addition  to  these  functional  studies  of  heavy  metal  induced 
acute  renal  failure,  studies  have  been  designed  to  assess  whether  or  not 
car  iin  sublethal  morphological  and  histochemical  changes  known  to  occur 
ea^iy  in  the  proximal  convoluted  tubules  of  mercuric  chloride  treated 
rats  are  related  to  the  onset  of  acute  renal  failure.  Changes  in  the 
proximal  tubule  of  mercuric  chloride  and  mercuric  chloride  plus  dithio- 
threitol treated  rats  are  being  studied  by  light  and  electron  microscopy 
and  by  light  microscopic  enzyme  histochemistry  of  various  marker  en- 
zymes. Six  time  intervals  were  studied,  from  one  to  forty  eight  hours 
after  mercuric  chloride  and  dithiothreitol  were  administered.  Initially 
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all  segments  of  the  proximal  tubule  were  affected  following  adminis- 
tration of  HgCl-  alone.  Ultras tructural  dispersion  of  polysomes  and  in- 
creased endocytotic  activity  was  evident  in  the  first  and  second  seg- 
ments of  the  proximal  tubule  (P.  and  P_  respectively) . Terminal  P-  and 
cortical  P_  (PJZ)  in  medullary  rays  ana  numerous  small  apical  vacuoles 
as  well  as  aispersion  of  polysanes  although  not  as  frequent  as  in  P.  and 
P2  segments  of  proximal  tubule.  Small  apical  dense  granules  represent- 
ing lysosanes  and  multi  vesicular  bodies  were  seen  in  Pars  Oonvoluta  P2 
and  P^C  segment.  These  cellular  changes  developed  into  more  extensive^ 
lesions  in  later  time  intervals  although  at  six  hours  changes  in  P. 
tended  to  appear  reversible.  At  six  hours  terminal  P2  and  P^C  in  med- 
ullary rays  shewed  extensive  vacuolar  changes  that  could  easily  be  seen 
by  light  microscopy.  By  electron  microscopy  numerous  vacuoles  were  seen 
apically  and  large  cytoplasmic  attenuations  often  projected  into  the 
lumen.  Dispersion  of  polysanes  and  aggregations  of  smooth  endoplasmic 
reticulum  were  carmen  features  of  P^C  and  P^M.  At  12  hours  necrosis  was 
evident  in  pars  recta,  although,  scire  P^M  tubules  showed  varying  stages 
of  advanced  cell  injury.  By  24  hours,  all  cells  in  P^C  and  P^M  were 
necrotic  as  well  as  the  P^  segment  of  the  pars  convoluta.  P^  was  less 
extensively  injured  and  by  EH  shewed  varying  stages  of  cell  injury 
compatible  with  reversible  injury.  Animals  treated  with  HgCl_  + DIT 
showed  the  same  initial  cell  changes  at  one  hour  as  seen  withngQ  2 
treated  animals,  although  less  extensive.  At  three  hours,  dispersed 
polysanes  and  apical  vacuoles  were  only  observed  occasionally.  In  the 
remaining  time  intervals,  cellular  changes  tended  to  be  delayed  when 
compared  to  the  corresponding  HgQ  2 treatment  group,  i.e.  changes  seen 
at  six  hours  in  HgCl2  treatment  dia  not  occur  until  12  hours  in  HgQ  2 + 
DTT  treated  animals.  Nonetheless,  at  24  hours,  necrosis  was  evident  in 
pars  recta  P,C  and  P_M,  although  less  extensive  when  compared  to  HgCl2 
treated  animals.  An  initial  proximal  tubular  lesion  was  also  demon- 
strated by  enzyme  histochemical  techniques.  Activity  for  both  5'  necleo- 
tidase  and  alkaline  phosphatase  (marker  enzymes  for  brush  border)  as 


well  as  acid  phosphatase  (marker  for  ly semes)  was  decreased  particularly 
in  pars  convoluta  segments  at  one  hoar  following  HgCi ~ administration . 

A transient  return  to  control  levels  occur ed  at  three  nours , only  to 
decrease  again  at  six  hours  vdien  succinic  dehydrogenase  activity  (a 
marker  for  mitochondrial  inner  membrane)  is  first  decreased.  A later 
time  intervals,  enzyme  activity  of  all  enzymes  studied  tends  to  be 
slightly  decreased  or  at  control  levels  in  P.  reflecting  a reversible 
injury  in  P.  which  can  be  ccrtpared  to  ultras tructur al  changes.  P2  and 
P,  progressed  to  slight  activity.  A protective  effect  of  enzyme  ac- 
tivity with  the  administration  of  DTT  following  HgQ  2 was  demonstrated 
in  all  time  intervals  studied.  Even  during  later  intervals  protection 
of  enzyme  activity  of  terminal  P~,  and  P^M  was  evident  when  com- 

pared to  HgCl-  animals  although  decreased  when  catpared  to  controls. 
These  studies^demonstrate  that  there  are  severe  morphological  changes  in 
the  pars  recta  segment  of  the  proximal  tubule.  These  necrotic  lesions 
occurred  in  rats,  treated  with  only  mercuric  chloride,  that  had  marked 
decreased  renal  function  and  in  rats  treated  with  both  HgCl2  and  di- 
thiothreitol  that  had  minimal  decrease  in  renal  function.  In  contrast, 
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the  lesion  in  the  convoluted  segments  of  the  proximal  tubule  appears  to 
correlate  with  the  degree  of  functional  impairment:  most  marked  in 
HgCl2  rats  and  minimal  in  HgCl 2~dithiothreitol  treated  rats. 

e.  Morphological  changes  induced  in  the  juxtaglomerular  cells  by 
mercuric  chloride  (HgCl-)  were  also  studied  using  light  and  electron 
microscopy.  HgClp  was  Injected  subcutaneously  into  rats  at  4 mg  per  kg 
body  weight  and  groups  of  rats  were  sacrificed  at  30  min,  1,  3,  6,  and 
24  hours  after  injection.  The  juxtaglomerular  granulation  index  (JGI) 
was  calculated  according  to  the  method  of  Hartroft  and  Hartroft  (11) . 

Superficial  JGI  (sJGI) , deep  JGI  (dJGI)  and  total  JGI  (tJGI)  were  de- 
termined for  each  animal.  The  mean  values  of  all  three  JGI's  were 
higher  in  experimental  than  in  control  rats.  There  was  an  abrupt  in- 
crease in  dJGI  and  tJGI  (P  0.05)  at  30  minutes  after  injection.  In 
experimental  rats,  the  ratios  of  sJGI/dJGI  were  lower  than  control 
values  and  gradually  decreased  over  the  treatment  period  with  the  ex- 
ception of  30  minutes.  The  ratios  were  as  follows;  4.3  (control) , 2.4 
(30  minutes),  3.3  (1  hour),  2.8  (3  hours),  2.0  (6  hours)  and  1.2  (24 
hours) . At  30  minutes  after  injection,  no  obvious  ultrastructural 
changes  were  seen  in  the  juxtaglomerular  cells.  Ultrastructural  changes 
were  observed  at  1 hour,  suggestive  of  active  formation  of  granules.  By 
6 hours  granules  were  present  in  smooth  muscle  cells  of  the  afferent 
arteriole  adjacent  to  the  granulated  cells.  By  24  hours,  hypergranu- 
lation and  hypertrophy  of  juxtaglomerular  granulated  cells  were  ob- 
served. The  effect  of  dithiothreitol  has  not  yet  been  studied.  Al- 
though the  mechanism  of  the  effect  of  HgCl„-induced  acute  renal  failure 
is  not  fully  understood, this  study  further  substantiates  cur  hypothesis 
for  the  initiation  of  acute  renal  fed  lure.  We  propose  that  increased 
renin  synthesis  and  subsequent  activation  of  the  renin-angiotensin 
system,  via  the  mechanism  of  tubuloglcmerular  feedback,  results  in  the 
renal  functional  disturbances  characteristic  of  acute  renal  failure  and 
is  responsible  for  the  initiation  of  HgCl_- induced  acute  renal  failure. 

The  present  study  supports  this  hypothesis  since  increased  renin-angio- 
tensin system  activity,  as  judged  by  JGI,  was  observed  after  HgC^ 
administration . 


f.  Studies  directly  assessing  the  activity  of  tubuloglcmerular 
feedback  in  acute  renal  failure  by  rat  micrcpuncture  are  also  being 
pursued.  During  fiscal  year  1977  we  ccnp le ted  our  preliminary  studies 
of  activation  of  the  tubuloglcmerular  feedback  mechanism  under  condi- 
tions of  reduced  renal  perfusion  pressure.  Our  studies  of  reduced  renal 
perfusion  pressure  indicate  that  systemic  hypotension  results  in  en- 
hanced feedback  responsiveness.  That  is,  there  is  a more  marked  decline 
in  single  nephron  glomerular  filtration  rate  (SNGFR)  with  increases  in 
tubular  fluid  flow  past  the  macula  densa.  Hcwever,  no  enhancement  was 
noted  after  reductions  in  renal  perfusion  pressure  caused  by  aortic 
clanping.  These  studies  indicate  that  seme  factor  associated  with  sys- 
temic hypotension  activates  the  feedback  response.  During  the  past  year 
we  have  begun  to  investigate  sane  of  these  potential  activating  factors. 
In  order  to  do  this,  we  have  had  to  develop  a new  technique  in  the 
micropuncture  laboratory.  Determinations  of  SNGFR  fran  proximal  and 
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distal  nephron  sites  give  only  two  points  on  the  feedback  response 
curve,  since  flew  can  only  be  zero  or  at  normal  physiologic  values.  To 
vary  over  a wide  range  and  more  accurately  define  the  response  curve,  a 
means  of  artificially  micrcperf using  the  distal  nephron  is  required.  At 
the  same  time  SNGFR  must  be  estimated  at  more  proximal  sites.  We  have 
adapted  a method  of  estimating  SNGFR  from  step  flow  pressure.  This 
pressure  can  be  recorded  continuously  using  a servonull  pressure  measur- 
ing device  with  a proximal ly  placed  micrcpipette,  while  the  more  distal 
nephron  is  microperfused  at  varying  rates  with  another  pipette  placed 
more  distally  in  the  proximal  tubule  than  the  first  pipette.  These  two 
sites  are  separated  by  an  intratubular  oil  block.  We  are  just  beginning 
to  accumulate  data  using  this  technique  in  normal  and  hypotensive  rates. 

g.  We  have  also  continued  our  studies  of  juxtaglomerular  apparatus 
renin  activity.  We  have  demonstrated  that  volume  expansion  results  in  a 
decline  in  superficial  juxtaglomerular  apparatus  renin  activity. 
Decreases  in  renal  perfusion  pressure  result  in  increases  in  juxta- 
glomerular apparatus  renin  activity,  both  superficial  and  deep.  However, 
the  increases  in  deep  juxtaglcmerula  apparatus  renin  activity  was 
greater  after  reductions  in  renal  perfusion  pressure  resulting  from 
systemic  hypotension  then  after  aortic  clamping.  These  results  would 
seem  to  indicate  that  superficial  and  deep  juxtaglomerular  apparatus 
renin  activity  may  be  controlled  differentially  and  respond  to  a variety 
of  stimuli.  Furthermore,  increases  in  renin  activity  correspond  to  pre- 
viously described  declines  in  zonal  blood  flow  in  the  dog  in  response  to 
similar  stimuli.  To  study  this  relationship  between  changes  in  juxta- 
glomerular apparatus  renin  activity  and  regional  blood  flow  distri- 
bution, we  have  adapted  the  use  of  microspheres  to  the  measurement  of 
renal  blood  flow  in  the  rat.  The  method  has  provided  excellent  informa- 
tion on  total  renal  blood  flew,  but  has  not  yet  been  successfully  ap- 
plied to  the  measurement  of  regional  blood  flew  in  the  rat. 

h.  In  addition  to  the  apparent  central  role  of  the  renin-angio- 
tensin system,  controlled  by  the  tubulog lcmerular  feedback  mechanism,  in 
acute  renal  failure  other  vasoactive-natriuretic  agents  synthesyzed  by 
the  kidney  nay  be  important  in  the  pathogenesis  of  this  syndrome.  The 
other  major  modulator  of  renal  hemodynamics  and  sodium  excretion,  endog- 
enous to  the  kidney  is  renal  prostaglandins.  Therefore  studies  were 
designed  to  define  the  role  of  prostaglandin  on  renal  function.  One 
method  commonly  used  in  other  laboratories  to  define  the  function  of 
prostaglandins  is  to  infuse  these  agents  and  observe  their  effect  on 
function  by  clearance  techniques.  While  the  infusion  of  exogenous 
prostaglandins  of  the  A & E series  has  been  shown  to  be  natriuretic  and 
hyper  emic  such  observations  have  been  subjected  to  the  criticism  that  an 
intrarenal  infusion  does  not  necessarily  mimic  its  physiological  action. 
To  circunvent  this  problem  the  administration  of  prostaglandin  synthe- 
tase inhibitors  have  been  utilized.  Inhibition  of  the  in  vivo  pro- 
duction of  prostaglandins  in  the  anesthetized  dog  decreases  fractional 
sodium  excretion  while  also  reducing  renal  blood  flew.  In  the  conscious 
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dog,  however,  renal  blood  flow  is  unaltered  following  prostaglandin  in- 
hibition. While  this  is  apparently  the  most  suitable  preparation  in 
which  to  study  prostaglandin  inhibition,  disagreement  exists  as  to 
whether  prostaglandins  are  natriuretic  or  antinatriuretic.  It  has 
recently  been  reported  that  prostaglandin  inhibition  in  the  conscious 
dog  produces  a na triuresis  suggesting  that  endogenous  prostaglandins  may 
therefore  be  antinatriuretic  (12)  . This  data,  while  compatible  with  the 
observation  that  prostaglandin  E (PGE)  applied  to  the  serosal  side  of 
the  toad  bladder  increased  sodium  transport,  is  in  general  conflict  with 
a larger  body  of  evidence  which  concludes  that  prostaglandins  are  natri- 
uretic. The  study  which  reported  an  increase  in  urinary  sodium  ex- 
cretion following  prostaglandin  inhibition  was  performed  in  conscious 
dogs  volume  expanded  wri.th  5%  D/W.  Since  volume  expansion  is  associated 
with  a decrease  in  proximal  sodium  reabsorption,  such  maneuver  may  be 
attributed  to  the  na triuresis.  Moreover,  an  increase  in  the  filtered 
load  by  glucose  leading  to  glycosuria  would  be  expected  to  increase 
sodium  excretion  due  to  the  increased  osmotic  effect.  The  current  study 
was  undertaken  to  determine  if  the  natriuresis  so  reported  may  be  at- 
tributed to  the  inhibition  of  prostaglandin  synthesis  alone  or  to  the 
combined  effects  of  inhibition  plus  volume  expansion.  In  one  group  of 
conscious  dogs  volume  expanded  with  5%  D/W  (35  ml/kg  for  30  min.  fol- 
lowed by  a maintenance  infusion  of  1-2  ml/min  greater  than  the  urine 
flow)  fractional  sodium  excretion  was  examined  before  and  after  the  i.v. 
administration  of  the  prostaglandin  inhibition,  meclofenamate,  2 mgAg* 
The  same  procedure  was  repeated  in  a second  group  of  conscious  animals 
not  volume  exapnded  with  5%  D/W.  The  administration  of  meclofenamate 
did  not  significantly  alter  fractional  sodium  excretion  in  either  group 
of  animals.  It  is  therefore  concluded  that  prostaglandin  inhibition  in 
the  volume  expanded  animal  does  not  induce  a natriuresis.  Moreove  , 
prostag landins  do  not  appear  tc  play  a major  role  in  the  control  of 
sodium  excretion  in  the  normal,  conscious  dog  under  the  described  ex- 
perimental conditions.  The  role  of  prostaglandins  on  renal  hemodynamics 
was  also  evaluated  by  examining  the  effect  to  pyrogenic  agents  known  to 
induce  renal  hyperemia.  The  intravenous  administration  of  pyrogenic 
agents  such  as  triple  typhoid  vaccine  results  in  decreased  renal  vas- 
cular resistance  and  renal  hyperemia.  The  mechanism  responsible  for  m 
creased  renal  blood  flew  following  triple  typhoid  vaccine  remains  ob- 
scure. The  similarity  of  the  renal  hemodynamic  changes  following  the 
administration  of  prostaglandins  to  those  observed  during  pyiogen  - 
induced  renal  hyperemia  suggested  the  possibility  of  pyrogenic  acti- 
vation of  renal  prostaglandin  synthesis  and  subsequent  renal  vasodila- 
tation. The  reported  elevations  of  renal  venous  prostaglandins  or 
prostaglandin  - like  material  during  endotoxin  shock  lends  support  to 
this  suggested  role  for  prostaglandins  subsequent  to  triple  typhoid 
vaccine  administration.  To  determine  whether  pyrogen  - induced  renal 
hyperemia  is  mediated  by  increased  renal  synthesis  and  release  of  pros 
tag landins,  renal  hemodynamics  were  evaluated  .in  both  anesthetized  and 
conscious  dogs  before  and  after  prostaglandin  synthetase  inhibition. 

Our  results  show  that  in  the  anesthetized  animal  administration  of 
triple  typhoid  vaccine,  during  prostaglandin  inhibition  did  not  induce 
the  usual  renal  hyperemic  response  observed  in  neninhibited  animals. 


However,  when  these  experiments  ware  repeated  in  a group  of  conscious 
animals  the  hyperemic  response  to  the  vaccine  was  not  diminished  by  the 
prostaglandin  inhibition . These  results  suggest  that  prostaglandins  do 
not  appear  to  play  a major  role  in  modifying  renal  vascular  resistance 
secondary  to  triple  typhoid  vaccine.  Failure  to  observe  the  typical 
renal  hyperemic  response  to  triple  typhoid  vaccine  in  the  anesthetized 
dog  following  the  administration  of  the  inhibitor  meclofenamate  may  be 
attributed  to  secondary  effects  unrelated  to  prostaglandin  synthesis. 
Since  renal  blood  flow  is  reduced  by  meclofenamate  in  the  anesthetized 
but  not  conscious  dog  cne  might  expect  this  renal  vasoconstrictor  re- 
sponse to  modify  or  abolish  vasodilatory  effects  of  the  vaccine,  even 
if  the  decrease  in  renal  resistance  werr  related  to  renal  prostaglandins. 
For  this  reason  prostaglandin  inhibitors  should  not  be  utilized  in 
studying  renal  functions  in  the  anesthetized  dog.  Persistence  of 
renal  hyperemia  after  the  administration  of  meclofenamate  in  the  con- 
scious dog  strongly  suggests  that  the  renal  vasodilatory  response  to 
triple  typhoid  vaccine  is  not  dependent  upon  the  presence  of  renal 
prostaglandins . 

2.  Phosphate  Homeostasis: 

a.  As  a consequence  of  stress,  acute  and  chronic  renal  disease, 
marked  changes  in  phosphate  balance  can  occur.  Since  the  regulation  of 
bone  metabolism,  protein  synthesis,  tissue  repair  is  critically  depen- 
dent on  phosphate  levels  an  understanding  of  the  control  processes  for 
phosphate  homeostasis  is  important.  The  regulation  of  phosphate  levels 
by  renal  reabsorpticn  and  excretion  of  this  complex  anion  is  a major 
physiological  control  mechanism.  Although  previous  studies  from  this 
laboratory  have  characterized  the  various  sites  along  the  nephron  in- 
volved in  phosphate  transport  (13)  little  is  known  about  the  active 
cellular  processes  involved  in  phosphate  transport.  We  have  therefore 
undertaken  studies  in  a simplified  in  vitro  system  to  describe  sate  of 
the  factors  that  are  important  in  the  active  transport  process  of  phos- 
phate include:  (1)  a.  the  pH  of  the  extracellular  fluid  since  phosphate 
is  a week  acid  and  the  concentration  of  the  ionic  specie  transported 
will  vary  with  pH;  ard  b,  the  intracellular  fate  of  the  inorganic  phos- 
phate that  enters  the  cell.  Formation  of  phosphate  into  organic  mole- 
cules and  formation  of  high  energy  phosphate  bonds  will  change  the 
apparent  concentration  driving  forces  for  the  transported  ion.  The  in 
vitro  tissue  used  in  these  studies  was  the  urinary  bladder  of  the  fresh 
water  turtle.  The  bladder  was  mounted  in  lucite  chambers  and  electrical 
driving  forces  were  eliminated  by  continuously  short-circuiting  the 
epithelium  with  an  automatic  voltage  clamp.  To  eliminate  chemical 
gradients  both  sides  of  the  epithelium  were  bathed  with  an  identical 
turtle  Ringers  solution.  Net  Mucosa  (M)  3£o  serosa  (S)  flux  of  phosphate 
(jp)  was  determined  from  unidirectional  P fluxes  across  paired  hemi- 
b ladder.  The  net  fluxes  were  expressed  as  nancmoles/hr/8cm  . The  first 
series  of  experiments  were  designed  to  evaluate  the  effect  of  ambient  pH 
on  JP.  In  a solution  of  the  ionic  strength  of  turtle  Ringers,  the  pka 
of  H2PO“  is  6.8.  At  pH's  cne-half  unit  above  the  pk  the  predominant  icn 
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species  of  phosphate  present  in  solution  is  HPO.,  at  pH's  below  the  pk 
the  predominant  specie  is  HPO~.  The  total  amount  of  phosphate  (PO.)  in_ 
the  bathing  solutions  was  5mM:  In  the  absence  of  exogenous  CO^  ana  HCO^ 
when  the  Ringers  solui__an  was  adjusted  to  pH  6.2  no  significant  trans- 
port could  be  demonstrated.  However,  atjpH  8.4  JP  was  12.1  + 4.8.  _This 
suggested  that  in  the  absence  of  COVHCO.,,  the  divalent  anion,  HPO.,  is 
selectively  transported.  Since  HCof  has  oeen  shown  to  accelerate  sodium 
transport,  the  effect  of  HCO,  addition  on  JP  was  also  examined.  The 
isohydric  addition  of  lOrrM  HCO”  at  pH  8.4  resulted  in  an  increase  in  JP 
from  12.1  + 4.8  to  18.6  + 4.6.  To  examine  the  effect  of  lOmM  HCO,  at  a 
lower  pH,  5%  COl  was  bubbled  through  the  solution_to  lower  the  ambient 
pH  to  7.2.  With  these  imposed  conditions,  if  HPO.  is  the  ionic  specie 
transported,  JP  should  decline.  However  5%  C02  addition  had  no  measur- 
eable  effect  on  JP.  This  lack  of  a decrease  in  JP  suggested  that  in  the 
presence  of  002  and  HCO,  a second  transport  system  nay  exist  for  PO^ 
that  transports  the  univalent  anionic  specie,  HPO..  To  evaluate  this 
second  transport  system  for  PO.  the  media  conditions  were  altered  such 
that  the  pH  could  be  lowered  to  6.5  in  the  presence  of  both  00-  aod 
HC0~  Initially  2.5rrM  HC0~  was  introduced  into  the  solution  at  pH  8.4 
and J the  measured  JP  with  these  imposed  conditions  was  32.4  + 12.  When 
the  pH  was  lowered  to  6.2  by  adding  5%  CXt  to  the  gas  phase  JP  signi- 
ficantly increased  to  104.6  + 32  (P<0.01j.  If  this  increment  in  phos- 
phate transport  at  this  pH  was  a selective  increase  in  H-PO^ transport 
and  not  an  effect  of  PC0_  per  se,  changing  the  predominant  specie  of 
phosphate  present  in  solution  to  HPO^  by  raising  the  pH,  should  reduce 
JP.  When  the  HCOl  concentration  was  increased  from  2.5  to  lOmM  at 
constant  P00_,  5%f  the  pH  increased  to  7.2  and  JP  decreased  by  approxi- 
mately 50%.  ^Thus  it  appears  that  there  are  two  transport  pathways  for 
phosphate  transport.  One  system  utilizes  a divalent  anion  - HPO^. 

This  transport  system  appears  to  be  POCt  independent.  A second  trans- 
port system  utilizes  the  univalent  anion,  anc^  ■*"s  ^^*2  c^Pen<3en't" 

b.  Effect  of  PO.  concentration:  In  order  to  further  describe  the 
transport  process  or  processes,  we  examined  the_dependence  of  Jp  on  con- 
centration of  phosphate  at  pH  8.4  with  lOmM  HCO^  and  pH  6.5  with  5%  C02 
2.5nM  HC0~.  Under  alkaline  conditions,  Jp  was  undectable  with  0.56rrM 
PO..  In  2.5nM  PO.  Jp  was  12.16  + 4.5  (P<  0.1) . This  increased  signif- 
icantly to  22.6  + 8.3  (P<  .025)  when  phosphate  concentration  was  raised 
to  5mM  and  further  increased  to  40.5  + 9.5  (P<  .01)  witn  lOmM  PO^. 

Thus,  at  pH  8.4,  there  was  a linear  increase  in  Jp  with  increase  in 
phosphate  concentration.  Concentration  studies  at  pH  6.5  have  not  yet 
been  completed. 

c.  Effect  of  parathormone  and  acetazolamide : Parathormone  causes 
phosphaturia  in  many  species  and  decreases  Jp  in  toad  bladder.  It’s 
action  is  thought  to  be  mediated  by  cyclic  AMP.  We_studied  the  effect 
of  PTH  and  theophylline  on  Jp  at  pH  6.5  (2.5  nM  HCO,  5%  CC^)  and  found 
no  effect.  No  effect  was  noted  at  pH  8.4  (lOmM  HCO^) • Similarly 
Dibutyrl  cyclic  AMP  (5mM)  and  theophylline  (lOmM)  had  no  effect  on  Jp  at 
high  or  low  pH.  To  test  whether  the  effects  of  CC^/JOO^  addition  on  Jp 


Might  be  elated  to  their  effect  on  hydrogen  ion  secretion  (J  ) , 
studies  were  carried  out  with  acetazolamide  at  10  M.  In  this  epi- 
thelium acetazolamide  at  10-  M inhibits  a large  portion  of  J„  even  in 
the  presence  of  CO-.  Under  either  pH  extreme,  aceta2olamidenad  no  sig- 
nificant effect  on  Jp  (37.1  to  29.7  pH  6.5  and  19.5  to  26.6  at  pH  8.4 
both  not  significant) . 

d.  Effect  of  transport  inhibitors  on  Jp:  Since  Jp  might  be  re- 
lated to  other  active  transport  processes  (either  directly  as  co  trans- 
port or  indirectly  as  required  for  turnover  of  high  energy  phosphate 
compounds)  we  studied  the  effects  of  inhibitors  under  2 conditions:  pH 
6.5_(5%  CO,  2.5itM  HCO")  and  pH  8.4  (lOmM  HCO~)  . At  the  acid  pH,  oubain 
(IOTm)  significantly  inhibited  Jp  from  28. 3 +6. 4 to  7. 3 +4. 6 (P  C.001) 
the ^decrement  was  entirely  due  to  a decrease  in  M to  S flux.  In  alka- 
line conditions,  oubain  had  no  significant  effect  on  Jp  (42.2  +22.6  to 
35.3+23,  (P  > 0.5) . Similar  degrees  of  inhibition  of  active  sodium 
transport  were  obtained  with  DNP,  however  the  decrease  in  Jp  was  not  as 
striking.  At  pH  6.5  Jp  decreased  fran  23.4  + 5 to  13.7  + 3.9  (P4.025) . 
Further  inhibitor  studies  are  required  to  differentiate  between  a pri- 
mary effect  on  intermediary  metabolism  in  the  cell. 

In  summary,  we  have  shown  that  transepithelial  transport  occurs  in 
this  epithelia  in  the  absence  of  electrochemical  gradients,  That  it  is 
dependent  on  pH,  the  CCt/HCO"  buffer  system  and  ambient  P04  concen- 
tration and  that  it  is  inhibitable  by  agents  affecting  other  active  _ 
transport  processes.  The  differing  response  to  pH  extremes,  CC^/HCO^ 
buffer  system  and  inhibitors  suggest  that  there  is  more  than  one  mode  of 
transport  in  this  epithelia. 

3.  Acid-Base  Homeostasis: 

a.  The  maintenance  of  extracellular  acid  base  balance  is  a major 
function  of  the  kidney.  Inappropriate  renal  responses  to  stress,  sepsis 
and  shock  may  result  in  profound  systemic  acidosis  or  alkalosis  which 
may  be  life  threatening.  In  order  to  devise  new  modalities  of  therapy 
studies  have  been  continued  to  define  the  cellular  requirements  for 
urinary  acidification.  These  studies  have  primarily  utilized  an  in 
vitro  preparation,  the  turtle  urinary  bladder.  £tudies  have  been  de- 
signed to  investigate  the  energetics  of  active  jjj  transport.  The  cur- 
rent study  examines  the  relationships  between  H transport  and  a spe- 
cific oxidative  pathway  of  glucose  metabolism,  the  pentose  phosphate 
shunt.  Ib  investigate  this  relationship  and  metabolic  and  transport 
rates  were  simultaneously  measured  under  several  veil  defined  condi- 
tions. When  H^  transport  was  inhibited  by  either  the  application  of  pH 
gradients  or  by  acetazolamide , glucose  metabolism  by  the  pentose  shunt 
declined.  Conversly,  stimulation  of  H transport  by  either  imposing  a 
more  favorable  electrochemical  gradient  or  by  CO,,  addition  resulted  in 
an  increase  in  shunt  metabolism.  Glycolytic  metabolism,  in  contrast, 
was  invariant  with  the  maneuvers  which  altered  the  rate  of  H transport. 
These  results  suggest  that  the  pentose  shunt  is  an  important  pathway  for 
H*  transport.  Further  studies  were  also  undertaken  to  define  whether  or 
not  carbonic  anhydrase  inhibitors  decrease  H transport  by  a direct  effect 


on  cellular  energy  metabolism  in  addition  to  their  known  effect  on  00_ 
hydration.  Since  the  pentose  shunt  is  required  for  H transport  we 
examine  the  effect  of  acetazolamide  and  other  sulfonamide  analogues  on 
glucose-6-phosphate  dehydrogenase  activity.  This  enzyme  catalyzes  the 
initial  step  in  the. shunt  pathway  and  is  rate  limiting  for  the  pathway. 
Accetazo lamide , 10~  M reduced  G6PD  by  56%.  Acetazolamide  10~  M in- 
creased the  km  of  G6PD  for  glucose- 6-phosphate  from  1.0  to  1.8  x 10-4M 
and  V max  was  reduced  from  250  to  104  IU/gm  protein.  At-buty  1-analogue 
of  acetazolamide,  without  carbonic  anhydrase  inhibitory  activity,  had  no 
effect  on  G6PD  activity.  We  conclude  that  acetazolamide  exerts  a direct 
effect  on  glucose  metabolism  by  inhibiting  G6PD.  This  action  may  ex- 
plain the  observations  that  aoetazolamide  inhibits  urinary  acidification 
in  dependent  of  its  effect  on  carbonic  anhydrase. 
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23  (U)  To  evaluate  the  role  of  plasminogen  activators  which  may  be  released  from 
injured  tissues,  and  to  determine  if  hemorrhage  is  aggrevated  by  the  activators  which 
is  a process  known  as  local  fibrinolysis.  These  studies  are  important  in  understanding 
upper  gastrointestinal  hemorrhage  which  occurs  frequently  in  combat  casualties  and  may 
suggest  alternative  methods  for  resuscitation  of  patients  in  hemorrhagic  shock.  To 
determine  if  the  urinary  excretion  of  5-HIAA  will  reflect  a simple  means  of  determining 
alterations  in  platelet  survival.  Such  ctudies  are  preliminary  to  evaluating  the  role 
of  altered  platelet  function  on  bleeding  tendencies  or  thrombosis. 

24  (U)  Solutions  known  to  disrupt  the  gastric  mucosal  barrierwere  instilled  into 
Heidenhain  pouches  previously  created  in  dogs.  The  amount  of  fibrinolytic  activity 
was  then  measured.  Urinary  5-HIAA  excretion  was  monitored  in  rabbits  who  were  fed 
aspirin  to  alter  platelet  function.  A control  group  received  no  aspirin. 

25  (U)  7b  10  - 77  09  Initially,  fibrinolytic  activity  was  found  in  the  gastric  juice 
following  instillations  of  sodium  t aurocholate , sodium  salicylate,  and  ethanol  solutions 
Recently,  despite  use  of  a variety  of  commercial  fibrinogen  preparations,  the  initial 
results  could  not  be  duplicated.  Studies  are  under  way  to  increase  the  sensitivity 

of  the  assay  system  before  continuing  with  these  experiments.  The  urinary  5-HIAA  assay 
has  been  set  up  and  has  been  found  to  be  reproducible  and  accurate  in  measuring  5-HIAA 
in  concentrations  ranging  from  5-50 ,000  micrograms  per  milliliter.  Preliminary  data 
suggest  that  this  test  may  be  valuable  for  future  platelet  survival  studies. 

For  technical  report  see  Walter  Reed  Army  Institute  of  Research  Annual  Progress  Report 
1 July  76  - 30  Sept  77. 
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I • Urinary  Excretion  of  5-Hydroxy  Indole  Acetic  Acid  (5HIAA)  as  an  Index 
of  Platelet  Survival  Time 


A.  Background  and  Statement  of  the  Froblem.  The  measurement  of  platelet 
survival  time  has  clinical  relevance  in  that  it  may  predict  patients  pre- 
disposed to  thrombosis  as  well  as  identify  those  who  will  benefit  from 
platelet  inhibitor  therapy.  Among  the  many  isotopic  methods  of  labelling 
platelets  for  measuring  platelet  survival,  the  most  widely  used  is  the 
5lchromium  technic.  This  technic,  although  highly  accurate,  is  time- 
consuming,  cumbersome,  and  requires  special  skills  which  have  retarded  its 
widespread  clinical  application.  Other  non-isotopic  technics  have  recently 
been  introduced  but  have  been  found,  in  general,  to  be  unsatisfactory. 

It  is  proposed  that  the  urinary  excretion  of  5-HIAA  might  reflect 
alterations  in  platelet  survival  and  provide  a simple  means  of  its  deter- 
mination. The  rationale  for  this  is  that  platelets  release  serotonin 
during  aggregation.  In  vivo . the  platelet  release  of  serotonin  has  been 
suggested  by  increased  urinary  excretion  of  5-HIAA,  a serotonin  metabolite. 
This  has  been  noted  in  the  postoperative  state  when  platelet  survival  is 
shortened.  It  has  also  been  noted  that  inhibitors  of  the  platelet  release 
reaction  such  as  aspirin  and  dextran  significantly  decrease  the  post- 
operative rise  in  5-HIAA.  These  considerations  have  led  us  to  formulate 
the  hypothesis  that  changes  in  platelet  survival  will  be  reflected  in 
alterations  in  urinary  excretion  of  5-HIAA. 

B.  Experimental  Approach.  Rabbits  were  used  to  devise  a model  with 
shortened  platelet  survival.  Under  Innovar  anesthesia,  a polyethylene 
catheter  was  inserted  into  the  aorta  via  the  femora]  artery,  secured,  and 
left  in  place.  This  results  in  thrombus  deposition  on  the  catheter  which 

is  non-occlusive  and  chronically  produces  a prominent  thromboatherosclerotic 
lesion  in  the  aortic  walls  at  points  of  contact  with  the  catheter. 
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Platelet  count,  chromium- tagged  platelet  survival,  platelet  serotonin, 

and  14-C-serotonin  uptake  and  release  by  platelets  were  determined.  For 
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5 days,  24  hour  urine  collections  were  obtained  and  quantitative  5-HIAA 
excretion  assayed. 


C.  Results  and  Discussion.  The  urinary  5-HIAA  assay  has  been  found  to 
be  reproducible  and  accurate  in  measuring  5-HIAA  in  concentrations  ranging 
from  1-50,000  micrograms/ml.  Baseline  measurements  in  rabbits  demonstrate 
a normal  5-HIAA  urinary  excretion  range  of  700-1000  yg/24  hours.  After 
catheters  were  placed  in  rabbits,  the  mean  24  hours  excretion  had  increased 
by  about  100  mg/24  hours. 

D.  Conclusions  and  Recommendations . Excretion  of  urinary  5-HIAA  is  a 
reliable  index  of  in  vivo  serotonin  release.  It  is  recommended  that  plans 
include  extension  of  these  studies  in  other  models  of  shortened  platelet 
survival.  One  of  the  other  models  is  the  placement  of  a thoracoabdominal 
aortic  graft  made  of  woven  dacron.  The  design  of  the  graft  is  such  that 
complete  endothelialization  does  not  occur.  Thus,  the  prosthetic  surface 
is  continuously  exposed  to  blood.  This  results  in  an  animal  with  chronically 
shortened  platelet  survival. 

II . Gastric  Juice  Fibrinolytic  Activity  and  the  Gastric  Mucosal  Barrier 

A.  Background  and  Statement  of  the  Problem.  Plasminogen  activators 
are  ubiguitous  in  human  tissues  and  body  fluids  and  injury  to  such  tissues 
can  result  in  their  local  release.  This  may  aggravate  and  promote  hemorrhage 
from  an  injured  tissue,  a process  known  as  local  fibrinolysis.  Local 
fibrinolysis  has  been  implicated  in  some  cases  of  upper  gastrointestinal 
hemorrhage.  Gastric  juice  from  some  patients  with  erosive  hemorrhagic 
gastritis  has  been  shown  to  possess  fibrinolytic  activity  consistent  with 
the  presence  of  plasminogen  activator,  plasminogen,  and  plasmin. 

Hemorrhagic  gastritis  and  stress  ulceration  are  associated  with 
disruption  of  the  gastric  mucosal  barrier.  It  is  possible  that  disruption 
of  the  gastric  mucosal  barrier  results  in  the  appearance  of  fibrinolytic 
activity  in  gastric  juice. 

B.  Experimental  Approach.  Dogs  with  Heidenhain  pouches  were  stimulated 
to  secret  gastric  juice  by  the  I.V.  infusion  of  histamine  HCL  20  pg/kg/hr. 
Gastric  juice  specimens  were  collected  at  timed  intervals.  A control 
solution  of  normal  saline  and  100  mN  HCL  is  instilled  into  the  pouch  and 
left  in  contact  with  the  pouch  for  1 hour.  The  solution  was  emptied  and 
gastric  juice  samples  collected  for  1 hour.  Then  a solution  known  to 
disrupt  the  gastric  mucosal  barrier  was  instilled  into  the  pouch  and  left 

in  place  for  1 hour.  The  pouch  was  then  emptied  and  gastric  juice  samples 
were  again  collected  for  one  hour. 

All  gastric  juice  samples  were  immediately  neutralized  by  titration  with 
NaOH,  placed  on  ice,  and  then  0.1  mi  aliquots  are  plated  onto  heated  and 
unheated  fibrin  plates.  The  plates  were  incubated  for  18  hours  at  37°C  and 
the  zones  of  lysis  were  measured  with  a planimeter.  The  degree  of  lysis 
was  proportional  to  the  amount  of  fibrinolytic  activity  present.  Unneutralized 
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aliquots  of  gastric  juice  were  analyzed  for  Na+  K+,  Cl~,  glucose,  hemo- 
globin, and  protein  concentration. 

C.  Results  and  Discussion.  Initially  it  was  found  that  fibrinolytic 
activity  was  found  in  the  gastric  juice  following  instillations  of  sodium 
taurocholate , sodium  salicylate,  and  ethanol  solutions.  All  of  these 
solutions  contained  HCL  (10-100  mN)  and  it  appeared  as  one  increased  the 
normality  of  the  HCL,  more  fibrinolytic  activity  was  present  in  the  juice. 

The  fibrinolytic  activity  was  rarely  present  during  control  periods 
(following  instillation  of  acid-saline  solution),  but  consistently  appeared 
following  instillation  of  the  barrier  breaking  solution.  The  fibrinolytic 
activity  was  characterized  as  a plasminogen  activator  since  it  always 
appeared  on  unheated  plates  but  not  on  heated  plates  (lysis  occurring  on 
both  heated  and  unheated  plates  is  indicative  of  free  plasmin  or  non- 
specific proteolytic  activity). 

Following  these  initially  promising  results  difficulties  in  the  fibrin 
plate  assay  developed.  This  occurred  at  the  time  when  a new  lot  of  fibrinogen 
was  used  to  make  up  the  plates.  Unfortunately,  despite  use  of  a variety  of 
commercial  fibrinogen  preparations,  we  have  been  unable  to  duplicate  our 
initial  results. 

D.  Conclusions  and  Recommendations.  Our  plan  is  to  continue  to 
investigate  this  problem  and  refine  and  increase  the  sensitivity  of  the 
assay  system  to  adequately  detect  the  presence  of  plasminogen  activator 
before  continuing  with  these  experiments. 

III.  Effect  of  Immuran  on  Early  Patency  of  Allograft  Veins 

A.  Statement  of  the  Problem.  To  determine  if  Immuran  therapy  will 
decrease  the  rate  of  allograft  thrombosis. 

B.  Background.  It  has  been  suggested  that  the  difference  in  patency 
rate  of  autografts  versus  allograft  veins  may  be  due  to  the  presence  or 
absence  of  endothelium,  acting  as  a plasminogen  activator,  on  the  luminal 
surface  of  the  graft.  Allograft  vessels  have  been  studied  in  man  and  a 
variety  of  laboratory  animals  and  the  histologic  changes  in  the  donor 
vessel  following  transplantation  have  been  well  described.  These  changes 
include  a marked  inflammatory  response  with  endothelial  destruction, 
inflammation  and  necrosis  of  the  media  followed  by  conversion  of  the  donor 
vessel  to  a collagenous  tube.  The  inflammatory  process  appears  to  be  more 
marked  in  arteries  than  in  veins  and  may  be  decreased  in  some  instances  by 
administration  of  immunosupressive  agents  such  as  Azathioprine  (Immuran). 

In  this  setting  Azathioprine  appears  to  diminish  the  inflammatory  response 
of  the  host  to  the  donor  vessel,  histologically  manifested  by  a decrease 

in  cellular  infiltrate  and  vessel  wall  damage.  It  has  been  maintained  that 
the  ultimate  test  of  a vascular  substitute  is  placement  in  the  venous  system. 
Rich  et  al.  in  this  institution  have  established  a good  model  for  grafting 


in  the  canine  femoral  venous  circulation.  This  model  should  provide  the 
most  rigorous  test  of  the  effect  of  azathioprine  on  allograft  patency. 
Information  obtained  in  this  model  will  be  more  easily  extrapolated  to  the 
venous  and  distal  arterial  systems  of  man. 

C.  Experimental  Approach.  Each  dog  received  one  autograft  and  one 
allograft  of  external  jugular  vein  (3  cm  in  length).  The  jugular  vein 
grafts  were  prepared  identically  and  randomly  returned  to  the  surgeon 

by  an  impartial  observer.  In  this  way  the  surgeon  was  unaware  of  which 
vein  was  an  autograft  and  which  was  an  allograft.  A separate  record  was 
kept  of  the  source  of  each  graft.  In  each  case  allografts  were  obtained 
from  a male  dog.  The  anastomosis  were  performed  with  6-0  continuous 
vascular  suture  after  removing  3 cm  of  femoral  vein.  Each  dog  was  assigned 
to  one  of  four  treatment  groups:  1)  No  immunosupression,  2)  azathioprine 
0.75  mg/kg/day,  3)  azathioprine  1.5  mg/kg/da y,  4)  azathioprine  3.0  mg/kg/day. 
Patency  of  the  grafts  was  determined  by  venograms  obtained  immediately 
postoperatively  and  at  1,  2,  3,  5,  7 days  and  weekly  thereafter  for  6 
weeks  or  until  thrombosis  occurs.  Both  grafts  were  removed  at  the  time 
of  earliest  graft  thrombosis  and  studied  by  a variety  of  histologic 
techniques. 

D.  Results  and  Discussion.  Immunosuppression  with  Immuran  in  the 
three  dosages  described  above  did  not  reduce  thrombosis  of  allografts 

in  the  femoral  venous  circulation  of  host  dogs.  Since  the  dosages  of 
Immuran  which  were  used  cover  the  therapeutic  range,  a further  increase 
in  dosage  does  not  appear  warranted. 

E.  Conclusions  and  Recommendations.  Immuran  does  not  improve 
allograft  patency.  Attention  should  be  turned  to  other  drugs  for  their 
potential  benefit. 

IV.  Effects  of  Aspirin  on  Patency  of  Heterografts  in  the  Venous  System 

A.  Statement  of  the  Problem.  To  determine  if  aspirin  will  decrease 
the  incidence  of  early  thrombosis  and  improve  the  patency  of  bovine  hetero- 
grafts in  the  venous  system. 

B.  Background.  Evaluation  of  patients  from  the  Vietnam  Vascular 
Registry  has  demonstrated  the  importance  of  repairing  venous  injuries. 

Recent  studies  have  shown  that  there  is  a significant  incidence  of  early 
thrombosis  in  venous  repairs  followed  by  recanalization.  This  has 
implications  for  acute  and  chronic  venous  insufficiency.  Several  investi- 
gators have  shown  that  maintenance  of  early  patency  in  venous  repairs 
reduces  the  incidence  of  limb  edema  and  maintains  optimal  arterial  inflow 
to  the  limb.  Furthermore,  recanalization  of  thrombosed  veins  may  result 

in  destruction  of  vein  valves  and  chronic  venous  insufficiency.  Maintenance 
of  early  patency  thus  becomes  a matter  of  great  importance  in  venous 
reconstructive  surgery.  Earlier  work  in  this  institute  has  shown  that  use 
of  bovine  heterograft  in  the  venous  system  is  attended  by  an  extremely 


high  incidence  of  early  graft  thrombosis.  By  using  a model  known  to 
promote  thrombosis,  the  effects  of  antithrombotic  agents  will  be  more 
easily  demonstrable. 

C.  Experimental  Approach.  Dogs  received  a bovine  heterograft  in 
the  femoral  vein.  Dogs  received  600  mg/day  of  aspirin  (treatment  group) 
or  no  drugs  (control  group).  Vein  graft  patency  was  evaluated  immediately 
and  at  1,  3,  5,  8 and  14  days  postoperatively  by  venography. 

D.  Results  and  Discussion.  In  the  control  dogs,  only  one  graft 
was  patent  after  two  weeks.  In  the  aspirin  treated  group,  six  of  nine 
grafts  were  patent.  Aspirin,  by  virtue  of  its  antiplatelet  activity 
does  decrease  the  incidence  of  thrombosis  and  improves  patency  of 
heterografts  in  the  venous  system. 

E.  Conclusion  and  Recommendations.  Aspirin  improves  patency  of 
heterografts  in  the  venous  system  over  a period  of  two  weeks.  Long  term 
studies  will  be  necessary  to  determine  the  period  of  time  that  an 
antiplatelet  drug  needs  to  be  continued  to  assure  long  term  patency. 
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I.  Regional  Distribution  and  Arteriovenous  (AV)  Shunting  in  the 
Gastric  Circulation 

A.  Background  and  Statement  of  the  Problem.  Post-traumatic  acute 
gastric  ulcerations  and  attendant  upper  gastrointestinal  hemorrhage 
pose  life  threatening  complications  to  combat  casualties.  Three 
modalities  of  therapy  are  accepted  for  treatment  of  this  condition. 

1.  Conservative  medical  management  including  iced  saline  lavage  with 
and  without  the  addition  of  intraluminal  vasoconstrictor  agents. 

2.  Surgical  treatment  ranging  from  vagotomy  to  total  gastrectomy. 

3.  Intra-arterial  infusions  of  vasoconstrictors. 

Earlier  work  in  this  laboratory  noted  the  effectiveness  of 
epinephrine  as  a vasoconstrictor  on  the  gastric  circulation  using  the 
baboon  as  a test  subject.  It  was  concluded  that  this  drug  would  be  a 
useful  alternative  to  vasopressin  for  therapy.  Other  studies  failed 
to  demonstrate  significant  AV  shunting  in  the  gastric  circulation  as 
the  primary  mechanism  of  action  of  these  drugs. 

The  role  of  truncal  vagotomy  in  the  control  of  stress  ulcer 
bleeding  is  postulated  to  result  from  the  opening  of  AV  shunts  in  the 
submucosa  which  results  in  directing  blood  flow  away  from  the  mucosa. 

A study  was  coordinated  to  determine  the  effect  of  vagotomy  on  regional 
blood  flow  and  AV  shunting  in  the  gastric  circulation  of  baboons. 

With  respect  to  the  use  of  gastric  intraluminal  cooling  and 
vasoconstrictors,  the  role  of  AV  shunting  is  also  unclear.  Work  was 
therefore  undertaken  to  determine  the  effect  of  intraluminal  cooling 
and  topical  vasoconstrictors  on  AV  shunting  with  the  canine  as  a 
model. 

B.  Experimental  Approach.  1.  Vagotomy.  Total  gastric 
blood  flow  was  measured  by  an  electromagnetic  flow  transducer 
placed  on  the  celiac  artery  of  splenectomized  baboons  who  had 

the  common  hepatic  artery  ligated.  The  hepatic  artery  was  used  for 
the  intra-arterial  delivery  of  radioactive  microspheres  (15  + 5 u) 
with  three  labels.  These  were  injected  during  a control  period, 


immediatedy  following  truncal  vagotomy  and  2 hours  following  vagotomy. 
The  localization  of  the  spheres  (or  failure  of  the  spheres  to  sequester) 
in  different  organ  systems  was  used  to  determine  the  regional 
distribution  of  blood  flow  and  AV  shunting  in  the  baboon  stomach. 

In  addition,  central  injection  of  microspheres  in  a different  group 
of  test  animals  was  used  to  determine  any  change  in  percent  cardiac 
output  to  the  splanchnic  bed  after  vagotomy.  2.  Intragastric  agents. 
Canines  were  prepared  in  a manner  identical  to  the  previous  group 
of  baboon.  Central  microsphere  injections  were  not  performed  in 
these  animals.  A large  diameter  synthetic  tube  was  passed  into  the 
stomach  transorally  and  a second  tube  arranged  to  drain  the  stomach 
through  a duodenostomy  incision.  Normal  saline  at  4°C  was  delivered 
through  the  gastric  tube  by  a roller  pump  at  a fixed  rate.  In  several 
animals  a 250  cc  epinephrine  and  saline  solution  (6  cc  of  1/1000 
epineprhine  strength  solution  to  250  cc  of  normal  saline)  was  instilled 
into  the  canine  stomach  and  allowed  to  equilibrate  for  one  hour.  Test 
dogs  received  microspheres  before  iced  saline  lavage,  after  start  of 
lavage  and  2 hours  later.  Animals  instilled  with  topical  vasopressin 
solution  were  given  spheres  before,  after  the  start  of,  and  1 hour 
following  the  administration  of  the  vasopressin  solution. 

C.  Results  and  Discussion.  1.  Vagotomy.  Results  indicate  that 
80%  of  the  gastric  blood  flow  goes  to  the  mucosa  and  this  is  not  altered 
following  vagotomy.  Less  than  5%  of  the  injected  microspheres  appear 
in  the  liver  during  control  periods  and  this  percentage  does  not  appear 
to  change  following  vagotomy.  It  would  seem  that  AV  shunting  has  a 
negligible  role  in  the  control  of  gastric  blood  flow  in  a baboon  model. 
2.  Intragastric  agents.  Results  indicate  that  approximately  70%  of 
the  gastric  blood  flow  goes  to  the  mucosa  and  this  effect  is  not  changed 
after  iced  saline  stomach  lavage  or  instillation  of  an  epinephrine  and 
saline  solution.  Less  than  1%  of  injected  microspheres  appear  in  the 
liver  during  control  periods  and  again  the  percentage  does  not  change 
following  iced  saline  lavage  or  instillation  of  a topical  vasopressor 
agent. 


D.  Conclusions  and  Recommendations.  It  would  seem  that  AV  shunting 
is  not  the  mechanism  effected  by  iced  saline  solutions  or  topical 
epinephrine  instillation  to  control  gastric  hemorrhage  in  a canine 
mode 1 . 
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I . Factors  Influencing  Tissue  Respiration 

A.  Background  and  Statement  of  the  Problem.  Oxygen  utilization  by 
tissues  is  influenced  by  the  chemical  composition  of  the  perfusing  blood 
and  cardiovascular  reflexes.  Variation  in  the  chemical  composition  of 
the  blood  exerts  influences  both  centrally  and  peripherally.  Experiments 
were  performed  in  isolated  canine  hindlimbs  which  were  perfused  under 
tightly  controlled  conditions.  The  effects  of  variation  in  pH,  O2  and 
CO2  content,  lactate,  and  endotoxin  on  respiration  were  determined. 

B.  Experimental  Approach.  A membrane  lung  perfusion  system  was 
devised  with  which  a vascularly  isolated  but  viable  extremity  could  be 
perfused  with  blood  of  controlled  composition.  The  chemical  composition 
of  the  perfusing  blood  was  changed  by  altering  pH,  PO2,  PCO2,  using 
stored  rather  than  fresh  blood,  and  adding  endotoxin  and  steroid.  The 
effects  of  these  alterations  on  tissue  respiration  were  measured. 

C.  Results  and  Discussion.  Oxygen  consumption  (V02)  was  related  to 
the  blood's  pH  by  the  equation  V02  * 100.1  pH  - 1643  (r  = 0.86);  thus  a 
change  in  acidity  of  the  perfusing  blood  by  0.1  pH  unit  causes  a 10% 
change  in  limb  Vc>2*  When  blood  pH  was  above  7.3  lactic  acid  was  produced 
and  when  pH  was  below  7.3,  it  was  consumed.  The  relationship  between  the 
A-V  lactate  difference  and  blood  pH  is  expressed  by  Lactate  = 22.5  pH  - 
162  (r  = 0.75).  Lactic  acid  production  does  not  reflect  tissue  oxygena- 
tion during  clinical  alkalosis.  In  seventeen  dogs  the  addition  of  5 mg  of 
endotoxin  to  the  perfusate  reduced  V02  significantly.  The  eventual  addi- 
tion of  60  mg  of  methyl-prednisolone  returned  V02  toward  control.  Varia- 
tion of  the  hemoglobin- oxygen  affinity  by  perfusing  the  legs  with  2-4 
week  old  blood  revealed  reduced  V02  when  the  P^q  of  the  perfusate  was 
lowered. 

These  studies  demonstrate  several  relationships  between  the  chemical 
composition  of  blood  and  tissue  respiration  that  are  relevant  to  anesthesia, 
surgery  or  blood  banking.  In  addition,  evidence  is  presented  in  support  of 
steroids  being  of  benefit  in  shock  therapy. 
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A.  Background  and  Statement  of  the  Problem.  The  relationship 
between  extracellular  fluid  oxygen  tension  and  hepatocyte  oxygen  uptake 
was  evaluated  in  70  rabbits.  Normal  extracellular  fluid  (ECF)  oxygen 
tension  is  30  torr.  It  was  expected  that  hepatocyte  oxygen  uptake  would 
decrease  at  ECF  oxygen  tensions  below  30  torr  - presumably  due  to  inade- 
quate diffusion  of  oxygen  into  cells.  Liver  cell  oxygen  uptake  at  ECF 
oxygen  tensions  above  30  torr  was  not  expected  to  change. 

B.  Experimental  Approach.  Oxygen  consumption  of  slices  of  rabbit 
liver  was  measured  in  chambers  fitted  with  oxygen  electrodes.  The  effects 
of  variation  of  PO2  in  the  electrolyte  solution  and  addition  of  endotoxin 
on  tissue  respiration  was  determined. 

C.  Results  and  Discussion.  Oxygen  uptake  (V02)  was  maximal  at  an 
extracellular  fluid  PO2  of  30  torr.  At  a PO2  of  10  torr  V02  was  signifi- 
cantly reduced.  However,  if  PO2  were  increased  to  90  torr,  V02  was  also 
reduced.  These  observations  indicate  that  hepatocyte  respiration  is 
optimal  at  low  P02S  within  a narrow  range. 

The  action  of  endotoxin  was  evaluated  on  both  slices  and  homogenates 
of  liver.  In  both  models,  endotoxin  induced  a significant  reduction  of 
Vq2*  It  would,  therefore,  appear  that  the  hepatocyte  cell  membrane  does 
not  protect  the  cell  from  the  detrimental  effects  of  endotoxin. 


III.  Practical  Considerations  for  the  Use  of  a Pulmonary  Artery  Thermistor 

Catheter 

A.  Statement  of  the  Problem.  Much  enthusiasm  has  been  generated 
concerning  the  clinical  value  of  a pulmonary  artery  thermistor  catheter 
for  the  measurement  of  pulmonary  artery  wedge  (left  atrial)  pressure  and 
cardiac  output. 

B.  Experimental  Approach.  The  use  of  a pulmonary  artery  thermistor 
catheter  for  pressure  measurement  and  thermodilution  cardiac  output  deter- 
mination was  evaluated  in  eleven  dogs.  A pulmonary  catheter  was  placed  in 
the  wedge  position.  A left  atrial  catheter  was  simultaneously  placed  via 
a superior  pulmonary  vein. 

C.  Results  and  Discussion.  Pulmonary  artery  wedge  pressure  was  a 

reliable  index  of  left  atrial  pressure  at  end  expiratory  pressures  less 
than  10  cm  Fluctuations  in  pulmonary  artery  temperature  occurred 

at  a frequency  equal  to  the  respiratory  rate  and  an  amplitude  of  0.010°C 
to  0.086°C.  Changes  in  amplitude  were  associated  with  changes  in  venti- 
latory waveform,  respiratory  rate  and  level  of  anesthesia.  Intermittent 
and  continuous  positive  pressure  ventilation  generally  dampened  and  reversed 
the  pulmonary  artery  temperature  pattern  exibited  during  spontaneous 
breathing. - This  suggested  that  when  end  expiration  is  used  to  time  indica- 
tor injection,  cardiac  output  will  be  underestimated  during  spontaneous 
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breathing  and  overestimated  during  contimous  or  intermittent  positive 
pressure  ventilation.  When  indicator  was  injected  at  the  same  point 
in  the  ventilatory  cycle,  successive  values  of  cardiac  output  deviated 
from  one  another  by  0.0  - 6.7%.  Deviations  as  large  as  14%  resulted  if 
sequential  injections  were  out  of  phase  by  half  a respiratory  cycle. 

Deviations  in  measured  cardiac  output  can  be  minimized  by  injecting 
indicator  at  the  same  point  in  the  respiratory  cycle  if  it  is  not 
feasible  to  measure  cardiac  output  during  apnea.  The  clinical  utility 
of  a pulmonary  artery  thermistor  catheter  can  be  optimized  through 
appreciation  of  its  specific  strengths  and  limitations. 


Systemic  Oxygen  Delivei 


Oxygen  Uptake,  and  Surgical  Stress 


A.  Statement  of  the  Problem.  Recent  advances  in  respiratory  physi- 
ology and  technology  have  permitted  and  promoted  endotracheobronchial 
maneuvering  on  a scale  not  previously  considered  safe.  The  ventilatory 
and  hemodynamic  sequelae  of  these  diagnostic  and  therapeutic  interven- 
tions are  often  not  fully  appreciated  by  the  operating  surgeon.  Straight 
and  fiberoptic  bronchoscopes  at  best  only  partially  obstruct  large  bronchi 
with  resultant  decrease  in  ventilation:  perfusion  ratio.  Conversely, 
continous  postive  pressure  ventilation  may  decrease  pulmonary  blood 

flow  with  resultant  increase  in  ventilation:  perfusion  ratio.  The  pur- 
pose of  this  study  was  to  evaluate  the  relationship  between  systemic 
oxygen  delivery  and  tissue  oxygen  uptake  during  surgical  stress. 

B.  Experimental  Approach.  Ten,  25  kg,  mongrel  dogs  were  anesthe- 
tized with  pentobarbital  (25/mg/kg) . The  dogs  were  intubated  and  venti- 
lated (15  ml/kg)  at  a rate  of  16  breaths  per  minute.  A femoral  artery 
catheter  was  placed.  Cardiac  output  was  measured  by  thermal  dilution. 

All  parameters  (cardiac  output,  arterial  and  venous  blood  gases,  pul- 
monary artery  pressure  and  oxygen  consumption)  were  measured  as  soon  as 
all  catheters  were  in  place  (Period  #1) . Baseline  values  were  again 
measured  15  minutes  following  the  initial  determination  (Period  // 2). 

All  parameters  were  subsequently  measured  under  the  following  conditions: 

Period  //3.  10  cm  H2O  positive  end  expiratory  pressure. 

Period  #4.  Right  thoracotomy  with  equilibration  of  intrapleural 

and  atmospheric  pressure. 

Period  #5.  Right  main  stem  bronchial  occlusion  with  right  chest 
up. 

Period  //6  Right  main  stem  bronchial  occlusion  with  right  chest 
down. 

Period  #7  Right  main  stem  bronchus  released  following  several 
deep  breaths,  right  chest  up. 

Period  //8  10  cm  1^0  positive  end  expiratory  pressure 

100%  oxygen  (Fi02  = 1.0). 

Period  //9  Thoracotomy  closed,  intermittent  positive  pressure 
ventilation. 


.*  . 


Following  the  initial  thoracotomy,  a monitoring  catheter  (PE  240)  was 
placed  into  the  left  atrium  of  each  animal. 


C.  Results  and  Discussion.  Systemic  oxygen  delivery  (SOD)  and 
oxygen  uptake  (Vq£)  decreased  initially  in  parallel  then  SOD  decreased 
more  than  Vq2»  Following  closure  of  the  thoracotomy,  SOD  was  down  by 
60%  and  Vq2  was  80%  of  control  levels.  SOD  and  Vq2  did  not  relate  to 
each  other  in  a parallel  fashion.  Following  moderate  surgical  stress, 
Vq2  at  the  end  of  the  procedure  was  80%  of  control  levels. 
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V.  In  Vitro  Studies  of  Lung  Slice  Respiration 

A.  Background  and  Statement  of  the  Problem.  The  relationship  between 
extracellular  fluid  oxygen  tension  and  lung  slice  oxygen  uptake  in  the 
presence  of  varying  concentrations  of  colloid  was  evaluated  in  86  rabbits. 
The  results  described  in  "II"  led  to  the  question  of  an  optimal  PO2  for 
lung  slice  oxygen  uptake.  Also,  in  vitro  data  from  other  labs  suggest 
that  the  diffusivity  of  O2  in  solution  is  strongly  influenced  by  protein 
concentration. 

B.  Experimental  Approach.  Oxygen  consumption  of  slices  of  rabbit 
lung  was  measured  in  a Yellow  Springs  apparatus.  The  effects  of  varying 
PO2  and  the  addition  of  varying  concentrations  of  plasma  on  lung  slice 
respiration  were  determined. 

C.  Results  and  Discussion.  As  with  the  liver  slice  experiments, 
oxygen  uptake  was  maximal  at  a PO2  of  30  torr  and  reduced  at  P02's  of  10 
and  90  torr.  There  was  a direct  relationship  between  the  degree  of 
depression  of  lung  slice  oxygen  uptake  and  the  concentration  of  protein 
in  the  solution.  Colloid  inhibits  oxygen  uptake  of  lung  slices.  The 
relevance  of  these  findings  to  the  treatment  of  shock  lung  is  speculative. 


VI.  Coronary  Arterial  pH  as  a Determinant  of  Myocardial  Oxygen  Uptake 

A.  Background  and  Statement  of  the  Problem.  Acidosis  is  known  to 
weaken  myocardial  contraction,  decrease  heart  rate  and  dilate  coronary 
vessels.  Previous  work  in  this  laboratory  (see  I)  demonstrated  a direct 
relationship  between  perfusate  pH  and  skeletal  muscle  oxygen  uptake. 

The  purpose  of  this  study  was  to  examine  the  magnitude  and  mechanism  of  the 
influence  of  coronary  arterial  pH  (pHa)  on  myocardial  oxygen  uptake  (My^) 

B.  Experimental  Approach.  A perfused  heart  preparation  was  developed 
which  permitted  control  of  heart  rate,  pressure  and  flow  work,  coronary 
flow,  oxygen  delivery,  pHa  and  temperature.  MVq2  and  ventricular  contrac- 
tility (dp/dt)  could  be  measured  under  varying  circumstances. 

C.  Results  and  Discussion.  MVq2  was  directly  and  significantly 
related  to  pHa  in  all  animals  studied:  MVQ2%  = pHa  - 743  (r  = 0.832). 
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The  mechanism  of  altered  MVq2  was  evaluated  by  relating  dp/dt  and  MV02 
to  pHa  in  control,  beta-blocked,  and  potassium  arrested  hearts.  Arterial 
pH  did  influence  dp/dt  and  thus  MVq2 : dp/dt%  = 199  pHa  - 1376  (r  = 0.834). 
This  was  mediated  partially  by  the  effect  of  catecholamines  and  pHa: 
after  -blockade  dp/dt%  = 139  - 929  (r  = 0.832).  Basal  MV02  of  the  per- 


fused potassium  arrested  heart  was  also  sensitive  to  pHa: 
pHa  - 12.01  (r  = 0.48,  p 0.001). 


MV02  = 1.82 


VII . The  Isolated  Influence  of  Temperature  on  the  Ability  of  Red  Blood 

Cells  to  Release  Oxygen 

A.  Background  and  Statement  of  the  Problem.  Temperature  influences 
every  aspect  of  tissue  respiration.  It  has  thus  been  difficult  to  deter- 
mine the  influence  of  thermally  induced  shifts  in  the  oxyhemoglobin  disso- 
ciation curve  because  of  the  strong  influence  of  temperature  on  tissue 
oxygen  uptake. 

B.  Experimental  Approach.  A membrane  lung  perfusion  system  was 
devised  which  permitted  perfusion  of  a second  membrane  lung.  This  allowed 
the  direct  assessment  of  the  influence  of  temperature  on  the  ability  of 
red  blood  cells  to  release  oxygen  in  a metabolically  inert  system. 

C.  Results  and  Discussion.  There  is  a direct  and  significant 
influence  of  temperature  on  the  ability  of  red  cells  to  release  oxygen. 
This  effect  may  render  cooled  tissues  hypoxia  in  the  face  of  adequate 
blood  flow.  It  is  also  evident  that  the  evaluation  of  the  metabolic 
response  of  tissue  to  thermal  challenge  is  difficult  to  assess  when  their 
metabolism  is  hemoglobin  dependent. 

VIII.  Alteration  of  Oxyhemoglobin  Affinity  of  Canine  Erythrocytes 

A.  Background  and  Statement  of  the  Problem.  There  is  considerable 
theoretical  evidence  that  the  position  of  the  oxyhemoglobin  dissociation 
curve  (ODC)  has  an  influence  on  oxygen  delivery  to  tissues.  Clinical 
and  laboratory  documentation  has  been  sparse.  As  the  preferred  animal 
for  a large  amount  of  surgical  research  is  the  dog,  it  would  be  of  value 
to  develop  a technique  for  shifting  the  canine  ODC. 

B.  Experimental  Approach.  Dihydroxy acetone , pyruvate,  and  phosphate 
were  infused  into  35  dogs  at  1%  of  blood  volume  per  hour  for  five  hours. 
One  week  before  or  after,  a saline  solution  was  infused  at  the  same  rate. 
Hourly  2,  3-DPG,  ATP  and  P50  pre-  and  post-infusion  were  measured.  Red 
cell  triokinase  was  assayed. 
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C.  Results  and  Discussion.  Triokinase  of  canine  RBC  was  0.2190 
lU/gm  Hgb  (150%  normal  human  level).  ATP  rose  from  1.9  to  2.45  M/gm 
Hgb  after  five  hrs  of  infusion  of  dihydroxyacetone  solution.  Red  cell 
2,3-DPG  rose  from  16.19  + 0.4  M/gm  Hgb  to  18.63  + 0.6  M/gm  Hgb  after 
five  hours  infusion  of  dihydroxyacetone  solution  (p^O.Ol).  Pcq  changed 
from  27.57  + 0.9  to  31.76  + 0.6  over  the  same  period  (p^O.OOl).  Saline 
infusion  did  not  alter  2,3-DPG  or  P^q.  A simple  method  of  shifting  the 
ODC  in  awake,  unanesthetized  dogs  has  been  developed. 


IX.  Development  of  a Thermal  Diffusion  Probe  to  Measure  Blood  Flow  in 

Small  Volumes  of  Tissue 

A.  Background  and  Statement  of  the  Problem.  The  ability  to  measure 
tissue  perfusion  is  currently  limited  by  methods  which  are  discontinuous, 
unacceptably  invasive  or  both.  Attempts  at  measuring  tissue  perfusion  with 
the  aid  of  thermal  devices  has  met  with  limited  success.  Several  methods 
provide  qualitative  data  but  quantification  of  tissue  blood  flow  has  not 
been  realized.  An  improved  technique  for  measuring  thermal  conductivity 
and  diffusivity  has  been  developed  by  engineers  working  at  MIT  and 
Northeastern  University.  A collaboration  with  this  group  has  been  establish- 
ed with  the  aim  of  modifying  the  technique  for  direct  measurement  of  tissue 
blood  flow. 

B.  Experimental  Approach.  The  thermal  diffusion  probe  was  evaluated 

in  an  isolated  hindlimb  preparation  which  permitted  control  of  flow, 
temperature  and  oxygen  delivery.  Thermal  conductivity  v isured  over 

a physiologically  relevant  range  of  flows. 

> 

C.  Results  and  Discussion.  There  is  a direct  and  ><ulf  leant 
relationship  between  thermal  conductivity  and  tissue  blood  flow.  The 
initial  evaluation  of  the  probe  suggests  that  it  can  be  developed  to 
quantify  blood  flow  in  1 cm^  volumes  of  tissue. 

X.  Quantifying  Tissue  Perfusion  From  Thermal  Properties 

A.  Background  and  Statement  of  the  Problem.  A previous  report  from 
this  laboratory  (The  Physiologist  18:457)  suggested  that  with  appropriate 
modeling,  the  thermal  diffusion  probe  could  be  developed  to  quantify  blood 
flow  in  small  volumes  of  tissue.  A thermal  model  (probe  in  tissue)  has 
been  developed  which  discriminates  tissue  blood  flow  (w)  in  gms/cm^.sec 
from  measurements  of  intrinsic  thermal  conductivity  in  the  absence  of  flow 
(k  eff)  from  the  expression  w = (k  eff/km"l)^ *(km/cbla^)  where  q,i  is  the 
heat  capacity  of  blood  and  a is  the  probe  radius. 
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B.  Experimental  Approach.  The  purpose  of  these  experiments  was  to 
evaluate  the  relationship  of  w to  flow.  The  thermal  diffusion  probe  was 
inserted  into  the  gracilis  muscle  of  an  isolated  canine  hindlimb . The 
hindlimb  preparation  permitted  control  of  flow,  temperature  and  oxygen 
delivery.  Limb  flow  was  varied  over  a physiologically  relevant  range 

and  w was  computed  from  probe  measurements  and  the  expression  given  above. 

C.  Results  and  Discussion.  For  46  measurements  in  three  isolated 
limbs,  w was  directly  and  significantly  related  to  limb  flow  (Q) : w = 10.9' 
10-6  Q (r  = 0.80,  p«.0.001).  Work  is  in  progress  to  develop  an  isolated 

in  situ  gracilis  muscle  preparation  for  further  evaluation  of  the  probe. 


Tissue  Hypoxia  Durint 


jothermic  Perfusion 


A.  Background  and  Statement  of  the  Problem.  Previous  work  in  this 
laboratory  (Fed.  Proc.  35:723)  isolated  the  influence  of  temperature  on 
oxygen  availability  in  a metabolically  inert,  perfused  system  and  suggested 
that  oxygen  may  become  relatively  unavailable  to  tissues  during  hypother- 
mic perfusion.  The  purpose  of  this  study  was  to  evaluate  the  balance 
between  oxygen  supply  and  demand  during  hypothermic  perfusion  of  the 
isolated  canine  heart . 

B.  Experimental  Approach.  Seventeen  dogs  were  anesthetized  with 
pentobarbital.  The  heart  was  isolated  and  perfused  using  a membrane  lung 
system  which  permitted  control  of  temperature,  blood  gases,  pH  and  coronary 
flow.  Both  ventricles  were  decompressed.  Ten  hearts  were  cooled  to  16° C 
and  rewarmed  to  37°C  over  two  successive  periods.  Arterial  and  venous 
blood  was  sampled  at  4°C  intervals  for  PO2 , PCO2,  pH,  % hemoglobin  satura- 
tion, and  hemoglobin,  lactate  and  pyruvate  concentration.  Seven  control 
hearts  were  maintained  at  37°C  in  a time  frame  matching  two  successive 
cooling  and  rewarming  periods.  The  lactate  to  pyruvate  ratio  (LPR)  was 
calculated  at  4°C  intervals. 

C.  Results  and  Discussion.  LPR  increased  from  27.9  + 3.2  at  37°C 
to  35.1  + 3.1  at  16°C  (p<0.05).  During  rewarming  LPR  returned  to 
25.3  + 2.2.  There  was  a significant  inverse  relationship  between  LPR 
and  temperature  (r  = 0.71,  p<.0.001).  LPR  of  controls  did  not  change 
during  three  hours  of  perfusion  at  37°C.  The  results  suggest  that  hypo- 
thermic perfusion  induces  an  oxygen  supply  demand  imbalance,  rendering 
tissue  effectively  hypoxic. 


XII.  Distribution  of  Pressor  Sites  In  the  Zona  Intermedia  of  the  Spinal 

Cord  of  the  Cat  (Collaboration  with  MAJ  FADEN  of  Neuropsychiatry) 

A.  Background  and  Statement  of  the  Problem.  While  there  exists 

a large  body  of  data  regarding  central  nervous  system  control  of  cardio- 
vascular function,  the  majority  of  investigations  have  dealt  with  afferent 
connections.  Less  information  exists  about  efferent  pathways  and  there 
is  very  scant  data  concerning  central  pathways  below  the  level  of  the 
hypothalamus.  The  purpose  of  these  studies  was  to  determine  the  precise 
localization  of  spinal  sympathetic  preganglionic  pressor  neurons. 

B.  Experimental  Approach.  Twenty-six  adult  cats  were  studied. 

The  animals  were  fixed  in  a Kopf  stereotaxis  head  and  spinal  unit. 

Laminectomy  was  performed  to  expose  thoraco- lumbar  segments.  A C7  spinal 
cord  transection  and  bilateral  cervical  vagotomy  were  done  to  eliminate 
supraspinal  and  vagal  influences.  A femoral  artery  was  cannulated  for 
measurement  of  blood  pressure  and  pulse  and  the  left  ventricle  was 
catheterized  via  the  right  carotid  artery  for  measurement  of  peak  left 
ventricular  dp/dt.  Electrical  stimulation  of  the  spinal  cord  was  performed 
using  either  a tungsten  monopolar  electrode  or  a stainless  steel  monopolar 
electrode.  Sites  of  maximal  pressor  response  (SMPR)  were  identified. 

C.  Results  and  Discussion.  Pressor  sites  were  found  over  all 
spinal  segments  between  T^  and  L4,  i.e.  the  entire  longitudinal  extent 
of  the  intermedio- lateral  nucleus.  They  could  not  be  obtained  above  T^ 
or  below  L,.  Over  the  upper  thoracic  region,  responses  were  markedly 
lateralizea,  the  right  sided  responses  being  greater  than  those  on  the 
left.  Upper  thoracic  blood  pressure  changes  were  exclusively  right-sided 
in  some  animals.  Further  work  is  in  progress. 

XIII.  Evaluation  of  an  Agent  to  Decrease  the  Degree  of  Sickling  at  Low 

Oxygen  Tensions  (Collaboration  with  MAJ  KARK  and  LTC  HAUT  of 

Hematology) 

A.  Background  and  Statement  of  the  Problem.  It  has  been  difficult 
to  find  a relatively  safe  means  of  pharmacologic  protection  for  patients 
afflicted  with  sickle  cell  disease.  The  purpose  of  these  studies  was 
the  in  vit ro  evaluation  of  an  agent  to  obtain  background  information  for 
in  vivo  testing. 

I 

B.  Experimental  Approach.  Homozygous  hemoglobin  S blood  was  used. 

The  red  cells  were  washed  and  suspended  in  a phosphate  buffered  isotonic 
solution  at  pH  7.4  at  a 10%  concentration  by  volume.  The  suspension  was 
divided  into  two  fractions,  one  of  which  was  used  for  the  control.  To 
the  other,  30uM  of  the  agent  was  added.  The  two  fractions  were  incubated 
at  37°C  for  two  hours.  The  fractions  were  then  tonometered  at  low  oxygen 
tensions  and  evaluated  for  morphology  and  percent  of  sickled  cells. 

C.  Results  and  Discussion.  A consistently  lower  per  cent  of  sickled 
cells  were  found  in  the  fraction  treated  with  the  agent  prior  to  exposure 
to  low  oxygen  tensions.  Further  work  is  in  progress. 
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